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>This  final  report  describes  the  design  characteristics  and  test  results  of  a  scale  model 
(mechanically  steerable)  Phase  Array  Antenna  Amplifier.  As  a  result  of  this  develop¬ 
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I. 


INTRODUCTION 


This  final  report  describes  the  design  characteristics  and  test  results  of  a  scale 
model  (mechanically  steerable)  Phased  Array  Antenna  Amplifier.  As  a  result  of 
this  development  investigation,  a  design  approach  for  a  1  KW  system  is  presented. 

This  report  is  prepared  in  two  parts.  This  first  part  describes  the  development 
effort  for  the  scale  model  system  including  specifications,  design  details,  photo¬ 
graphs,  system  diagram,  test  results,  and  trade  off  analyses.  The  second  part 
of  this  report  covers  the  design  approach  selected  for  a  1  KW  system.  This  design 
approach  is  based  upon  the  technical  accomplishments  resulting  from  the  scale 
model  development. 

n.  EXPLORATORY  DEVELOPMENT  SCALE  MODEL 

fi-A.  OBJECTIVES 

The  objective  of  this  exploratory  development  scale  model  program  was  to  demon¬ 
strate  the  cost  and  technical  feasibility  of  a  (non-electronic  scanning)  solid  state 
phased  array  transmit/ receive  antenna  amplifier.  This  system  employs  distri¬ 
buted  solid  state  amplifiers  and  highly  efficient  low  voltage  power  supplies  to 
increase  the  reliability  of  tactical  troposcatter  communications.  A  failure  would 
then  be  characterized  by  a  gradual  reduction  in  ERP  as  individual  amplifier 
modules  fail  as  opposed  to  catastrophic  communications  outage.  The  primary 
goal  of  this  program  is  to  develop  design  information  and  tradeoff  analyses  cul¬ 
minating  in  a  design  concept  for  a  low  cost,  reliable,  high  power  (1  kw)  solid 
state  phased  array  antenna  amplifier  system  for  tactical  deployment. 

fi-B.  DESCRIPTION 

The  phased  array  antenna  amplifier  is  an  integration  of  many  low  power  solid 
state,  amplifier  modules  with  transmit  and  receive  antenna  arrays  forming  a 
complete  power  amplifier/antenna  unit.  The  antenna  provides  for  duplex  opera¬ 
tion  of  transmitter  and  receiver  simultaneously  (using  cross  polarized  signals). 
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The  developed  scale  model  Is  approximately  one-tenth  in  size  and  1/I00th  in  power 
output  of  a  fUll  1  kw,  100  square  foot  aperture,  phased  array  antenna  amplifier. 

The  solid  state  phased  array  power  amplifier  is  intended  to  be  used  in  conjunction 
with  military  tactical  troposcatter  radio  sets  to  improve  the  reliability  of  these 
communication  links.  The  scale  model  developed  under  this  program  was  designed 
to  interface  with  the  AN/GRC-143  army  standard  tactical  troposcatter  radio. 

The  investigation  emphasized  efficient,  reliable,  low  cost  techniques  for  achieving 
the  objective.  The  relative  importance  of  major  factors  considered  are  as  follows: 

•  Minimum  cost  per  solid  state  amplifier  module 

•  Power  output  and  gain 

•  Reliability 

•  Broadband  operation  over  the  4.4  -  5.  0  GHz  military  band 

•  Minimum  size  and  weight 

•  Maximum  power  efficiency 

PROGRAM  SCHEDULE 

The  exploratory  development  program  was  started  in  June  1977  and  the  completed 
scale  model  delivered  to  USA  CORADCOM,  Ft.  Monmouth,  NJ,  in  June  1979. 

SYSTEM  DESCRIPTION 

The  scale  model  Phased  Array  Antenna  Amplifier  system  consists  of  a  transmitter 
amplifier  matrix  and  antenna  array,  and  a  receiver  antenna  array  which  operates 
over  the  full  4.4  -  5.0  GHz  frequency  range.  The  system  pictorial  is  shown  in 
Figure  1,  and  the  system  block  diagram  is  shown  in  Figure  2.  Figures  3  thru 
9  show  the  system  at  various  levels  of  assembly. 

The  transmitter  matrix  consists  of  an  Intermediate  Power  Amplifier  (IPA)  mounted 
in  the  control  cabinet  which  provides  the  RF  drive  for  3  parallel  amplifiers,  Basic 
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Power  Modules,  (EPM's)  mounted  directly  in  back  of  the  antenna  array.  These  3 
BPM's  provide  a  nominal  4  watts  each.  The  transmit  array  spatially  adds  the  3 
BPM  individual  power  outputs  to  obtain  the  total  array  output  power  of  12  watts. 
An  antenna  array  gain  of  30  dBi  provides  the  ^0  dBm  effective  radiated  power. 
Both  the  IPA  and  BPM's  use  GaAsFET  amplifier  devices. 

The  RF  input  to  the  system  is  a  minimum  100  mw  in  the  4.4  -  5.0  GHz  band  pro¬ 
vided  by  the  (exciter  of  the)  AN/GRC-143  radio  set.  An  isolator  is  provided  on 
the  input  to  the  IPA  to  meet  the  system  input  VSWR  spec  of  1.  5:1.  The  IPA 
output  is  detected,  and  the  voltage  is  used  to  drive  a  front  panel  meter  providing 
the  operator  with  a  visual  indication  of  the  IPA  status.  A  single  knob  tunable 
four  pole  band  pass  filter  follows  the  IPA  and  is  provided  to  minimize  the  noise 
contribution  to  the  AN/GRC-143  receiver  from  the  IPA  and  AN/GRC-143  trans¬ 
mitter.  An  isolator  with  high  power  load  is  included  in  the  IPA  to  protect  the 
output  transistor  from  power  reflected  from  the  bandpass  filter  when  the  filter 
is  not  tuned  to  the  radio  transmitter  frequency. 

The  RF  equipment  discussed  so  for  is  mounted  in  a  control  cabinet,  together 
with  power  supplies  and  Built  In  Test  Electronics  (BITE)  circuitry.  A  25-foot 
coax  cable  is  provided  to  take  the  RF  output  from  the  BPF  in  the  control  cabi¬ 
net  up  to  the  antenna  amplifiers.  An  isolator  is  provided  at  the  input  to  the 
antenna  amplifier  matrix  to  provide  a  good  terminating  impedance  for  the  25- 
foot  cable  and  thus  assure  a  good  VSWR  at  the  bandpass  filter.  A  3-way  power 
divider  then  splits  the  power  into  3  equal  amplitude,  equal  phase  signals.  Each 
BPM  (Basic  Power  Module)  has  a  nominal  11  dB  gain  over  the  full  band.  An 
RF  detector  in  the  output  of  each  BPM  is  used  to  drive  the  BITE  circuitry  and 
provide  an  indication  of  the  amplifier  status  at  the  control  cabinet  front  panel. 

A  low  pass  filter  with  a  cut-off  frequency  of  5. 15  GHz  and  a  minimum  of  50  dB 
attenuation  at  frequencies  greater  than  8.8  GHz  follows  each  BPM  to  attenuate 
2nd  harmonics  before  reaching  the  antenna  array. 
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The  antenna  consists  of  orthogonal  transmit  and  receive  arrays,  each  with  its 
own  ground  plane  (Figure  10).  Each  array  design  is  identical  in  terms  of  the 
number  of  dipoles  and  amplitude  taper  but  the  arrays  are  assembled  orthogonally. 
The  transmit  array  has  6  feeds,  2  for  each  of  the  3  BPM's.  The  output  of  each 
BPM  is  split  by  a  two  way  hybrid.  The  typical  gain  of  the  transmit  antenna  is 
31.0  dB  resulting  in  a  typical  ERP  of  +70  dBm.  The  sidelobe  amplitude  of  the 
array  is  -15  dB.  The  receive  array  has  a  slightly  lower  gain  due  to  the  fact 
that  this  array  is  positioned  behind  the  transmit  array  and  has  a  more  complex 
feed  arrangement.  Some  of  the  receive  power  combining  is  performed  in  the 
array,  resulting  in  6  outputs,  which  are  then  combined  by  2  way  and  3  way 
hybrid  summers  resulting  in  one  output  for  the  AN/GRC-143  receiver.  The 
sidelobe  amplitude  of  the  receive  array  is  -15  dB. 

The  system  is  powered  from  two  DC  power  supplies  located  in  the  control 
cabinet.  The  first  power  supply  is  a  10  V,  15  amp  unit  while  the  second  is  a 
12  V,  1  amp  unit.  The  10  V  supply  provides  the  positive  voltage  for  the  GaAs 
FET  devices'  drain  while  the  12  V  supply  provides  the  negative  voltage  for  the 
GaAsFET  gates.  A  DC  power  distribution  cable  carries  the  8.0  amps  required 
for  the  antenna  BPM's.  Remote  sensing  of  the  positive  (10  V)  DC  voltage  at 
the  antenna  distribution  box  assures  a  constant  operating  voltage  for  the  BPM's. 
The  BITE  circuitry  monitors  the  status  of  the  DC  power  supplies.  Each  BPM 
has  an  RF  detector  which  provides  control  panel  indication  of  the  antenna  BPM's 
activity  status. 


System  Performance 

A  summary  of  System  Performance  is  included  on  pages  14  -  16. 

SYSTEM  DESIGN  AND  DISCUSSION 

Development  of  the  scale  model  system  required  investigation  into  two  main 
technical  areas: 

•  Matstrip  Duplex  Antenna  Design  (Printed  Array) 

•  '  C'  Band  (4.4  GHz  -  5. 0GHz)  Solid  State  High  Power  Generation 


and  Distribution. 


SCALE  MODEL  SYSTEM  PERFORMANCE  -  SUMMARY 


£  See  Appendix  A  for  Details 


SCALE  MODEL  SYSTEM  PERFORMANCE  -  SUMMARY 


&  See  Appendix  A  for  Details 


SCALE  MODEL  SYSTEM  PERFORMANCE  -  SUMMARY 


4  See  Appendix  A  for  Details 


encKPAUCL  4  Rc cE3i/fffi«WWO 
RBC £ iv/E  ARRAV 


TRRWSfmT"  <SF.3^wt>  P^-RN!- 


TRANSPUT  ARRAY 


bsm 

iRXlS: 


ARRftV 

FORMAL 


RecEivje. 

R/OTE^MA 


TRANSMIT 


ANTENNA  MATO IX  CONSTRUCTION 


FIGURE  10 


Previous  programs  at  ITTDCD  developed  circularly  polarized  printed  dipole  antenna 
array  for  'X'  band  (8  GHz)  application.  These  programs  were: 

•  Advanced  Satellite  Communication  Antennas,  Contract  No.  DAAB07- 
68-C-0018  performed  for  the  U.  S.  Army  Satellite  Communications 
Agency,  Fort  Monmouth,  New  Jersey. 

•  Antenna  AS-2614  (XN-2)/BRA-35,  Contract  No.  N00024-70-C-1422 
performed  for  the  Department  of  the  Navy,  Naval  Ship  Systems  Command, 
Washington,  D.C. 

In  order  to  adapt  this  technique  for  the  phased  array  program,  the  following  details 
had  to  be  addressed: 

•  Scaling  'X'  Band  dipole  design  to  'C'  band 

•  Generating  a  computer  program  to  evaluate  antenna  performance  for 
various  amplitude  tapers 

•  Investigate  laminate  materials  for  best  performance 

•  Analyze  design  to  determine  if  a  single  laminate  layer  could  simultaneously 
satisfy  receive  and  transmit  requirements 

•  Evaluate  trade  off  between  a  one  piece  construction  (for  laminate)  or 
a  sectionalized  construction 

•  Locate  vendor  capable  of  processing  a  large  laminate. 

For  the  Solid  State  RF  power  generation  and  distribution,  several  key  areas  had  to 
be  investigated.  These  areas  are: 

•  Choice  of  a  semiconductor  devices  to  meet  the  systems  needs 

•  Choice  of  substrate  material  and  bonding  techniques 

•  Phase  and  amplitude  characteristics  of  power  dividers 

•  Low  loss  distribution  of  RF  power  from  the  IPA  to  the  antenna  amplifiers 
and  from  antenna  amplifiers  to  antenna  baluns.  (Isolators,  low  pass 
filters,  cable,  etc.) 

•  Methods  of  combining  (splitting)  Class  'C'  power  transistor  to  minimize 
Interstage  interface  problems 

•  Determining  effects  of  amplifier  noise  and  gain  on  co-located  receiver. 
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II  F.  1  ANTENNA  DESIGN 


This  section  will  provide  the  details  of  the  antenna  design  including  mechanical 
description,  trade  off  analyzes,  laminate  material  comparison,  computer  aided 
design  . 

IIF.  1A  MECHANICAL  DESCRIPTION 

Figure  11  shows  the  assembly  drawing  of  the  scale  model  antenna  amplifier  followed 
by  a  parts  list  -  pages  20  thru  22. 


The  antenna  structure  consists  of  3  printed  laminates  items  6,  7  and  8  of  view  C-C. 
Item  5  is  the  aluminum  honeycomb  ground  plane  which  provides  the  main  mounting 
member.  This  aluminum  honeycomb  is  light  weight,  easy  to  work,  and  very  stiff. 
Threaded  inserts,  available  from  Shure  Lok,  are  installed  in  the  Honeycomb  and 
used  to  mount  all  components  to  this  ground  plane.  View  C-C  also  shows  the  transmit 
balun  items  14,  16  and  17.  Item  10  is  the  foam  dielectric  spacer  and  item  12  is  the 
nylon  spacer.  The  function  of  these  two  elements  is  to  insure  proper  spacing  between 
antenna  laminates,  and  (item  13)  to  secure  the  laminates  to  the  aluminum  honeycomb 
(item  5). 

The  mechanical  design  provides  mounting  for  Army  Standard  Troposcatter  and  Lino-of- 
Sight  antenna  polarization  oompatability  by  selecting  either  the  horizontal  mounting 
(as  shown)  or  the  45°  rotation  (clockwise)  items  41  and  42. 

About  the  perimeter  of  the  antenna  assembly,  doors  are  provided  to  protect  the  RF 
components  during  inclement  weather.  View  D-D  shows  the  side  door  in  the  closed 
position,  with  the  latch  secured  to  the  side  frame  (item  35).  Item  39  is  the  latching 
arm  which  engages  the  thumbscrew  (item  50,  P/O  solar  shield  item  38)  to  hold  the 
side  door  in  the  open  position.  A  similar  door  is  provided  at  the  top  of  the  antenna 
assembly. 
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Above  the  ground  plane  structure  is  a  solar  shield  (item  38).  This  aluminum  plate 
is  painted  with  a  solar  reflecting  paint.  The  side  and  top  doors  are  hinged  to  this 
shield.  The  shield  is  mounted  to  the  honeycomb  ground  plane  by  8  metal  standoffs. 
This  solar  shield  is  not  a  structural  member. 

Items  42  and  70  provide  a  stiff  interface  from  the  antenna  assembly  through  the  solar 
shield  to  the  positioner  (Item  43).  The  positioner  clamps  to  a  comer  member  of  the 
AB-216  tower.  Vertical  positioning  is  accomplished  by  rotating  the  two  tumbuckles 
(item  47)  while  horizontal  positioning  is  accomplished  by  rotating  the  positioner 
about  the  tower  comer  member. 

IPA  RF  power  is  applied  from  the  control  cabinet  to  Item  18,  isolator.  The  isolator 
output  fees  Item  20,  three  way  power  divider.  This  divider  feeds  each  BPM  via 
semirigid  coax  cable.  The  BPM  output  goes  through  an  isolator  to  a  coax  cable 
type  low  pass  Alter,  both  the  isolator  and  the  low  pass  filter  are  part  of  the  BPM 
assembly.  The  LPF  feeds  -  item  19  -  a  2  way  power  divider.  The  outputs  of  the 
power  divider  feeds  two  transmit  baluns  (T). 

For  the  receive  array,  the  6  receive  baluns  (R)  feed  2  three  way  power  dividers  - 
(Item  20):  which  act  as  combiners  for  the  receive  array.  The  output  of  the  3-way 
dividers  (combiners)  are  combined  in  a  2  way  power  combiner.  The  output  of  the 
2  way  power  combiner  is  fed  to  a  Coax  to  Waveguide  transition,  (Part  of  Item  31) 
providing  the  waveguide  interface  (WR-187)  to  the  AN/GRC-143  Receiver.  This 
final  power  combiner  is  mounted  on  edge. 

The  DC  power  distribution  box  (Item  4)  receives  the  DC  power  from  the  control 
cabinet  and  distributes  power  to  the  three  basic  power  modules.  (DC  cabling  not 
shown  on  the' assembly  drawing).  This  box  also  accepts  the  R F  power  detector 
signal  from  each  BPM  and  sends  these  signals  to  the  control  cabinet  for  Front  Panel 
Meter  display. 
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II  F  1.  B  TRADE  OFF  ANALYSES 


SINGLE  VS.  DUAL  LAYER  ANTENNA  SELECTION 


One  trade  off  considered  early  in  the  program  was  to  determine  the  best  approach 
for  the  antenna  design.  Two  possibilities  exist.  The  first  choice  involves  a  plane 
antenna  with  both  the  receive  and  transmit  dipoles  printed  on  one  laminate.  The 
second  choice  involves  separate  dipole  laminates  for  each  antenna  with  an  inter¬ 
vening  polarizer  laminate.  The  following  discussion  considers  the  alternatives. 

Statement  of  Conclusions 

The  choice  of  single  versus  dual  layered  antenna  configuration  must  weigh  the 
immediate  needs  of  this  R  &  D  program  against  the  long-term  needs  of  future 
production  programs.  Viewed  in  terms  of  program  goals,  the  dual  layer  antenna 
is  the  logical  choice  for  developing  a  one-tenth  size  antenna-amplifier  that  demon¬ 
strates  the  feasibility  for  space-addition  of  low  power  modules  for  solid-state 
troposcatter  amplifier  systems.  Conversely,  the  single  layer  structure  is  the 
logical  choice  for  a  field  serviceable  antenna  system  due  to  lower  weight  and  cost 
plus  ease  of  maintenance. 

Technical  Description 

The  antenna  is  required  to  be  dual  polarized:  two  independent  arrays  superimposed 
in  a  single  aperture,  independent  access  and  distribution  networks,  efficient  radiation 
of  two  uncoupled  pencil  beams  of  orthogonal  polarizations.  Two  alternatives  for  the 
practical  realization  of  a  dual  antenna  system  using  printed  circuit  techniques  are: 

a)  Single  layer  -  a  single  (thin)  printed  circuit  sheet  containing  two  dipole 
arrays  with  their  associated  distribution  circuits  (corporate  feeds), 
positioned  above  a  single  ground  plane.  The  risk  feature  of  this  structure 
is  the  attainment  of  a  printed  layout  which  accommodates  two  orthogonal 
array-feed  systems  with  a  minimum  of  cross  coupling. 
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b)  Dual  layer  -  a  structure  in  cross-section  of  three  (thin)  printed  circuit 
sheets  positioned  above  a  ground  plane,  and  superimposed  one  above  the 
other.  Two  sheets  each  contain  one  printed  planar  dipole  array  with 
corporate  feed;  the  third  sheet  contains  a  printed  "polarized"  ground 
plane,  i.e. ,  transparent  to  one  polarization  and  totally  reflecting  to  the 
orthogonal  polarization.  The  difficult  aspect  of  this  structure  is  the 
three  dimensional  interlacing  of  two  independent  (dual)  antenna  systems 
with  a  minimum  of  cross  coupling. 

In  the  development  of  the  1:10  scale  antenna,  the  dual  layer  design  provides  a 
known  basis  of  antenna  performance  on  which  to  build  an  integrated  amplifier 
system.  That  basis  is  the  expertise  acquired  by  ITT  in  developing  similar 
antenna  configurations  at  X-band.  Performance  consistent  with  the  needs  of 
this  program  were  attained  at  X-band. 

Opposing  this  advantage  are  the  potential  benefits  of  the  single  layer  antenna: 
improved  electrical  performance,  improved  mechanical  features,  reduced 
complexity  for  manufacture  and  assembly,  and  reduced  cost. 

Applied  to  the  1:10  model,  the  single  layer  design  if  optimally  completed  will 
result  in  only  marginally  improved  electrical  performance;  estimate:  0.5  to 

1  dB  gain,  1  to  2  dB  lower  near-in  sidelobes,  2  to  5  dB  lower  spurious  sidelobes, 

2  to  5  dB  improved  polarization  isolation,  and  a  small  VSWR  improvement. 
Mechanically,  the  1:10  model  antenna  would  be  20  lbs.  lighter  and  4  inches 
thinner.  On  a  feasibility  demonstration  of  a  concept,  as  is  here,  the  efforts 
expended  on  construction  complexity,  assembly,  and  material  cost  are  not  a 
significant  part  of  the  total  and  are  not,  properly,  goals:  hence  they  are  minor 
tradeoff  factors. 

The  single  layer  advantages,  in  sum,  add  little  to  the  goals  of  the  1:10  model 
that  cannot  be  retrieved  at  any  stage  of  follow-on  programs.  The  single  layer 
antenna  adds  no  conceptual  change  to  the  system  and  is  viewed  as  a  "component" 
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improvement,  much  as  a  new  transistor.  The  value  of  these  components  must 
be  continually  reviewed  against  the  program  goals:  feasibility  demonstration, 
costs,  produceability,  etc.  Consequently,  it  is  concluded  that  the  dual  layer 
antenna  is  the  better  choice  for  the  feasibility  phase  of  this  program  because 
it  adequately  fills  its  functional  roles  for  space-addition  of  power  with  minimum 
risk  of  non-performance.  The  single  layer  design,  though  very  attractive  for 
field  use,  would  load  down  a  feasibility  task  with  a  major  effort  whose  results 
run  the  risk  of  severly  under- achieving  at  worse,  and  at  best  marginally  im¬ 
proving  the  dual  layer  capability. 

1-PIECE  VS.  SECTDNALIZED  CONSTRUCTION- VENDOR  SURVEY 


Another  investigation  early  in  the  program  was  the  consideration  of  fabricating 
single  large  array  sheets  (38"  x  38")  or  sectionalizing  to  smaller  sheets  (2,  3, 
4,  etc. )  to  form  the  large  single  array.  Manufacturers  with  capabilities  to 
supply  and  process  large  laminates  had  to  be  located.  This  was  accomplished. 
The  3M  Corporation  &  Keene,  Inc. ,  supply  teflon  impregnated  Fiberglass  and 
Chempar  Corp. ,  Penn,  processes  large  laminate  sheets. 

The  single  large  board  approach  has  certain  obvious  advantages  such  as 
decreased  handling,  simpler  alignment  procedures,  and  electrical  continuity. 

A  sectionalized,  piece-part  approach  would  serve  to  compound  problems  such 
as  continuity,  tolerance/registration,  and  system  integrity. 

Several  prospective  array  material  were  investigated  and  evaluated  during  the 
initial  survey.  A  comparison  of  materials  and  significant  properties  is  shown 
in  Table  I.  Based  upon  available  material  size,  dielectric  constant  and  loss 
tangent,  the  Keene  material  was  chosen. 

As  a  result  of  this  survey,  the  single  piece  approach  for  each  antenna  has  been 
selected. 


-  27  - 


II  F  2.  ANTENNA  ELECTRICAL  DESIGN 


The  electrical  design  of  the  antenna  required  several  steps  before  a  final  con¬ 
figuration  was  chosen.  These  steps  included: 

•  Analyses  of  previous  printed  antenna  performance  and  extending  this 
design  to  4. 4  -  5. 0  GHz  band. 

•  Computer  Aid  Design  to  aid  the  selection  of  antenna  taper. 

•  Development  of  the  balun  (unbalanced  to  balance  impedance  transformer) 
to  couple  amplifier  power  to  the  antenna  dipole  structure. 

•  Evaluation  of  various  laminates  to  select  the  best  type. 

•  Development  of  power  dividers  which  maintain  impedance  integrity  to 
minimize  impact  on  Baiun  VSWR. 
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PRIOR  MAT-STRIP  EXPERIENCE 


Previous  experience  at  ITT  in  Mat-Strip  techniques  has  been  at  the  SHF  SATCOM 
communications  band.  Two  efforts  were  completed: 

•  A  4  module  array  with  a  rear  waveguide  feed  system  providing  dual  circular 
polarizations,  uniform  illumination,  and  2  axis  monopulse  tracking  cap¬ 
ability;  the  aperture  size  was  2.  5  x  2.  5  ft. 

•  A  single  array  aperture  of  18  inch  diameter  provided  dual  circular  polari¬ 
zation;  the  printed  array  incorporated  an  unequal  way  power  divider  which 
provided  a  tapered  illumination  for  sidelobe  reduction. 

In  the  initial  Mat-Strip  development,  spurious  sidelobe  were  observed  which  were 
traced  to  radiation  of  reflected  waves  in  the  corporate  feed.  A  design  change  in 
the  corporate  feed  physical  layout  eliminated  the  spurious  lobe  completely  at  band 
center  and  partially  at  band  edges.  This  program's  attempt  to  scale  the  design 
change  to  C-Band  was  off  by  several  hundred  MHz  so  that  spurious  lobes  occur  at 
the  high  end  of  the  band.  This  results  in  a  loss  of  gain.  A  detailed  analysis  of 
the  spurious  lobe  angle  in  space  versus  frequency,  and  the  geometry  of  the  cor¬ 
porate  fee'1  shows  the  radiation  is  a  grating  lobe  of  radiating  elements  of  twice 
the  dipole  spacing.  This  spacing  corresponds  to  the  location  of  the  set  of  4  way 
dividers  immediately  feeding  sets  of  2  x  2  dipole  sub-arrays.  Thus  it  is  implied 
that  dipole  reflections  produce  standing  waves  at  the  nearest  feed  line  junctions 
which  radiate  as  a  coherent  array.  Further  artwork  ^iterations  to  reduce  these 
lobes  could  consist  of: 

•  Optimize  dipole  -  divider  spacing  to  center  response 

•  Randomize  divider  locations  to  defocus  sidelobe 

•  Decrease  dipole  spacing  to  move  sidelobe  into  cutoff-  non  visible  space 

•  Add  resistive  element  at  divider  to  suppress  spurious  current. 

The  estimate  expected  spurious  lobes  would  be,  respectively:  >25  dB,>30  dB 
>  30  dB,  ">40  dB. 
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Mat-Strip  Corporate  Feed  Development 

The  dipole  array  is  excited  by  a  corporate  feed  which  is  realized  partially  in  Mat- 
Strip,  to  combine  a  sub-array  of  dipoles  into  a  single  port,  and  partially  as  a 
coaxial  structure  external  to  the  antenna  to  combine  sub-arrays.  To  attain  the 
Mat-Strip  corporate  feed,  two  basic  building  blocks  were  required  to  be  designed: 
a  Mat-Strip  2  equal-way  divider,  and  a  Mat-Strip  to  coax  Baiun  transformer. 

The  printed  circuit  power  divider  was  developed  as  a  "T"  junction  with  impedance 
transformers  in  all  3  legs  at  the  junction.  This  was  a  realization  of  a  two  section 
Tchebyschev  transformer  of  1.05:1  maximum  VSWR.  Using  Computer  Aided 
Design,  line  widths  corresponding  to  the  required  impedance  levels  of  the  trans¬ 
formers  were  used  in  the  printed  circuit  development.  Minor  trimming  was 
required  because  of  junction  effects,  and  final  tests  showed  VSWR's  well  under 
1.  05:1  across  the  band.  Since  all  tapering  is  done  external  to  the  Mat-Strip,  the 
required  corporate  feed  for  each  sub-array  can  be  realized  by  using  a  multipli¬ 
city  of  the  one  type  binary  power  divider.  This  requires  that  the  untapered  sub- 
array  be  square  and  of  2  dipoles;  2  or  4  x  4  dipoles  were  used  as  the  basic 
building  blocks,  final  integration  of  the  full  array  required  non-binary  dividers. 
The  binary  type  corporate  feed  results  in  equi-phase  and  amplitude  excitation 
of  the  sub-array.  The  possible  build-up  of  VSWR  due  to  successive  power  divi¬ 
sions  was  checked  experimentally  by  comparing  VSWR's  of  the  dipoles  fed 
directly  from  a  balun  to  that  of  a  4  x  4  dipole  array  with  its  corporate  feed 
composed  of  binary  dividers;  no  appreciable  differences  were  noted  indicating 
the  individual  dividers  are  virtually  transparent. 

The  balun  development  consisted  of  two  parts.  First,  optimization  of  the  geometry 
of  the  printed  circuitry  which  interfaces  with  a  coaxial  line  such  that  a  transforma¬ 
tion  from  the  grounded  coax  to  the  ungrounded  parallel  wire  Mat-Strip  is  effected 
with  a  minimum  of  radiation  loss.  This  was  accomplished  by  a  division  of  the 
junction  into  two  Mat-Strip  lines  of  100 SL  each,  an  equal  power  division  and  match 
to  50_jX  coax,  and  a  tapering  of  the  lower  conductors  adjacent  to  the  coaxial  ground 

ft 
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as  is  done  in  the  "infinite  balun".  Second,  an  impedance  transformer  was  designed 
into  the  coaxial  line  immediately  adjacent  to  the  Mat-Strip  junction  to  match  the 
junction  effects.  The  transformer  was  experimentally  optmized  and  overall  balun 
performance  of  1. 15:1  maximum  VSWR  and  0.  5  dB  maximum  loss  were  attained 
over  the  band. 

♦ 

Because  of  the  lack  of  standardized  test  equipment  in  the  parallel  wire  line  of  the 
Mat-Strip  media,  all  development  was  done  with  a  duplication  of  the  circuitry  in 
a  back-to-back  configuration.  Thus,  two  baluns  were  tested  with  their  Mat-Strip 
lines  mated  and  various  interconnecting  lengths  were  used  to  account  for  phasing 
effects.  Simla rly,  the  power  divider  development  utilized  back-to-back  power 
dividers  fed  at  each  end  by  baluns  and  the  results  compared  to  the  previous  dual 
balun  results  to  determined  the  VSWK  contributed  by  the  power  dividers. 

Radome  and  Filler  Material 

The  radome  and  fille r  (inter-layer  support)  material  is  a  closed  cell  foam  of 
very  low  loss  and  dielectric  constant;  the  material  is  Ecco-foam  type  PP-2#/CF 
from  Emerson-Cumming,  Inc. ,  Canton,  Massachusetts.  The  material 
chosen  provides  the  necessary  mechanical  support  with  satisfactory  environ¬ 
mental  properties  of  very  low  water  absorption  and  wide  temperature  range. 

The  electrical  effects  are  of  two  types:  transmission  characteristics  as  a 
circuit  element,  and  error  effects  due  to  material  variation. 

Transmission  consists  of  the  error  free  performance  as  part  of  the  material 
in  the  antenna  structure;  this  is  completely  analogus  to  a  transmission  line 
containing  a  dielectric  support  "slug",  or  as  here  a  composite  of  dieletric 
slugs.  The  effect  of  the  slug  is  to  change  the  impedance,  phase  shift  and 
attenuation.  The  impedance  and  phase  are  accounted  for  in  the  development 
of  the  dipole  matching  with  all  layers  in  place;  it  is  the  effect  of  attenuation 
that  must  be  determined.  This  requires  considering  the  Mat-Strip  PCB's 
as  well  as  the  foam,  in  their  actual  circuit  configuration,  i.  e. ,  as  backed 
by  a  totally  reflecting  ground  plane  which  produces  a  "resonant"  or  standing 
wave  field.  The  free  space  attenuation  of  a  dielectric  materia)  is 
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XI. 


<*.dB  „  vF  tan  S 

where  L  =  length 

free  space  wavelength  11.  8/F  -  GHz,  inches 
E  =  material  dielectric  constant 
Tan  &  =  material  loss  tangent. 

Thus,  for  a  structure  consisting  of  3  PCB's  (Printed  Circuit  Boards)  of  Teflon- 
fiberglass  material  .  062  inches  thick  each,  and  4  foam  layers  (3  inter-layers  plus 
a  radome)  totaling  2.  5  inches,  the  loss  at  5  GHz  is: 

^d  =  ^PCB  ►ccFOAM=  “"dPCEM2.5)V%ta„rft 

for  EpCi)  =  2.45,  tan  ^pcli  =  .0018 

Ef  =  1.04,  tancff  =  .0008 

then  oCj  =  .  0326  +  .  0224  =  .  0550  dB 
d 

Finally,  the  "resonant"  effect  is  approximated  by  a  factor  of  4  in  dB  which  results 
from  an  effective  increase  in  path  lent^h  due  to  reflection,  thus 

0Cq.  =  4  x  .  055  =  .  22  dB 

The  variation  in  material  across  a  large  aperture  may  be  significant  in  percent 
for  the  foam  material,  however,  a  large  percent  of  a  small  quantity  remains  a 
small  quantity.  Thus,  a  100'Jf  variation  in  dielectric  constant,  for  example,  from 
1. 04  to  1.  08  would  increase  the  loss  of  .  0224  dB  to  .  0228  dB:  an  insignificant 
amount.  Similarly,  the  PCB  material  will  have  insignificant  effect  on  the  space 
wave  both  for  the  above  reason  and  the  closer  control  of  manufacturing  tolerance. 
Therefore,  it  is  concluded  no  significant  error  effects  are  inherent  in  the  filler 
and  radome  configuration. 

Receiver  Array  Design 

The  receive  array  is  identical  to  the  transmit  array  except  in  polarization 
(-45°  off  Horizontal).  The  polarization  will  be  attained  by  90°  rotation  of 
dipoles  in  the  array.  Another  main  difference  is  the  positioning  of  the  receive 
array  behind  the  transmit  array  in  the  aperture.  This  requires  that  the 
received  signal  is  propagated  thru  the  transmit  array,  polarizer  layer  and 
filler  material.  The  affect  of  this  is  to  reduce  the  overall  receiver  array 
gain. 
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CAD  ARRAY  PROGRAMS  (COMPUTER  AIDED  DESIGN) 


Introduction:  Two  type  programs  have  been  written  to  apply  CAD  in  the  antenna 
development. 

Program  I  -  Calculates  and  plots  relative  far  field  amplitude  in  dB  versus 
angular  position,  usually  scan  angle  (O)  with  the  second  coordinate  angle  ((J)) 
held  constant.  Fine  incrementing  of  the  angle  and  interconnection  of  points  in 
plotting, provide  a  continuous  curve;  a  point  by  point  tabulation  can  be  an  alter¬ 
native  output.  Since  this  type  pattern  is  a  cross-section  of  the  volume  of  space 
into  which  the  antenna  radiates,  many  patterns  are  required  to  determine  the 
full  spatial  response.  Characteristically,  principle  planes  of  conernare 
identified  and  plotted  according  to  the  antenna  type  and  system  application; 
thus,  an  assumption  or  pre-knowledge  is  needed  to  select  the  pattern  coordinates 
to  be  plotted.  The  program  incorporates  the  following: 

•  Dipole  element  pattern  -  represented  by  an  analytic  equation  derived  for 
sinusoidal  excitation. 

•  Ground  plane  pattern  -  represented  by  an  image  dipole  array. 

•  Array  factor  -  calculated  by  vectorial  summation  of  all  dipole  elements. 

•  Illumination  -  amplitude  and  phase  of  current  at  each  dipole  can  be 
specified  and  applied  in  the  vector  sum;  this  includes  error  functions  of 
which  the  random  type  can  be  generated  by  the  program. 

Figure  12  shows  plots  generated  by  Program  I. 

Program  II  -  Calculates  and  plots  a  three  dimensional  far  field  pattern  of  ampli¬ 
tude  versus  both  angular  coordinates  and,  also  calculates  antenna  directivity, 
an  aspect  of  gain.  The  3-D  pattern  plot  is  analogous  to  a  topological  or  contour 
map  which  represents  elevation  at  a  location  specified  by  longitude  and  latitude; 
here,  field  amplitude  is  plotted  versus  spatial  position  and  where  the  plane  of  the 
map  represents  the  surface  of  the  tar-field  hemi-sphere-  the  surface  of  constant 
distance  from  the  antenna  center.  The  computer  output  to  a  teletype  terminal  is 
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used  for  this  plot  by  equating  the  two  orthogonal  spatial  coordinates  (Sin  0  COS  (^, 
COS  0-SIN  4>)  with  row-column  locations,  and  the  amplitude  with  an  alpha-numeric 
symbol  suitably  defined  in  a  key-code  table.  Thus,  this  program  output  surveys 
the  full  extent  of  the  radiated  space  at  a  selectable  number  of  discreet  points;  a 
feature  which  compliments  Program  I  by  provic  g  the  "pre-knowledge' 1  for 
choosing  a  particular  cross-section  to  be  plotted  in  the  amplitude  versus  scan 
angle  format.  Program  II,  in  addition,  calculates  directivity  as  the  ratio  of 
boresight  power  to  the  sum  of  the  power  at  all  points  averaged  over  the  full  sur¬ 
face;  the  directivity  output  is  printed  as  a  number  in  dB  following  the  pattern 
plot.  The  program  features: 

•  Calculation  of  the  dipole  element  pattern  by  direct  integration  of  the 
(sinusoidal)  current  along  the  dipole  length.  This  allows  direct  use  of  the 
program  for  harmonic  analysis  as  well  as  fundamental  analysis  over  any 
bandwidth. 

•  Calculation  of  ground  plane  effect  by  image  dipole  array  at  twice  the 
ground  plane  spacing;  again  this  provides  extended  bandwidth  and  har¬ 
monic  analysis  capability. 

•  Calculation  of  array,  or  lattice,  factor  by  vectorial  summation  of  all 
arrav  elements  at  any  far  field  point  in  space  thereby  providing  a  non- 
approximate  base  for  analyzing  any  shape  array,  or  grid;  or  error 
pattern. 

•  Provision  for  specification  of  any  amplitude  and  phase  excitation  in  the 
dipole  array;  this  includes  generation  of  random  excitations. 

•  Calculation  of  directivity,  or  gain. 

•  Variable  incrementing  of  the  coordinate  space  angles  for  finer  steps 

at  a  broadside  main  beam  angles.  This  is  accomplished  by  a  projection 
of  the  surface  area  of  the  hemi-sphere  on  a  plane  parallel  to  the  array 
plane  (common  normal),  and  variably  stepping  the  scan  angle  (©y.  This 
provides  program  efficiency  and  a  systematic  method  to  determine  accu¬ 
racy  because  resolution  and  error  asymptotically  approach  zero  as  the 
number  of  increments  is  increased. 


ram  II  Output  Format 

Th*>  contour  map  produced  by  this  program  is  shown  in  Figure  13.  Displayed 
is  a  series  of  typed  alpha-numeric  symbols  which  have  the  following  meanings: 

•  Value  of  the  symbol  is  assigned,  arbitrarily,  to  a  range  of  powers  calcu¬ 
lated  by  the  program  in  dB.  Each  program  run  establishes  a  table  of 
symbol  versus  power;  all  positive  dB  are  loss  ratios. 

Location  of  a  symbol  in  the  printed  array  corresponds  to  a  unique  pair 
of  coordinate  angles:  -0,  (J).  The  coordinate  pair  is  systematically 
stepped  over  a  full  hemi-sphere  using  the  following  angular  ranges; 

Of  ■Of'  90°  t  0°f  (J»  <  360°.  In  cases  of  known  symmetry  a  les¬ 
ser  range  is  used.  Note  that  the  outer  perimeter  contour  is  a  circular 
projection  of  the  hemi-sphere  on  a  plane  which  degenerates  here  to  an 
ellipse  due  to  the  unequal  width  versus  height  inherent  in  a  typing  for¬ 
mat;  there  are,  however,  an  equal  number  of  vertical  and  horizontal 
characters  on  each  major  axis. 

•  Gain  is  outputed  as  a  single  numeric,  in  dB,  referenced  to  the  angular 
position:  (J)  =  0°;  ©■=  0°.  This  is  the  axis  normal  to  the  array  and  the 
nominal  center  of  the  main  pencil  beam.  Thus,  the  gain  reflects  losses 
due  to  beam  squint  as  well  as  due  to  beamwidth  and  sidelobe  structure. 
The  dB  output  is  a  positive  number  for  the  increase  in  power  of  the  array 
compared  to  a  single  isotropic  radiator  of  zero  dB  power. 

Thus,  the  data  format  shows  the  usual  pattern  characteristics  of  amplitude 
versus  coordinate  scan  angles.  Beam  peaks,  nulls,  sidelobes  can  be  located 
by  "reading"  their  amplitudes  from  the  Key-code  table;  beam  location,  beam- 
width,  sidelobe  or  null  location  can  be  read  by  counting  their  grid  position  and 
de -incrementing  according  to  the  projection  scheme. 

Program  Validation 


Both  programs  were  validated  by  applying  cases  of  known  solution:  uniform 
illumination  of  a  square  array  which  has  a  well  known  analytic  solution;  multiple 
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FIGURE  13 

cflD-PRo«Rftiy»3r  contour  antenna  PATTew 


beam  pattern  at  the  2nd  harmonic  whose  solution  was  hand-calculated.  Both  cases 
showed  equivalent  results  between  the  program  and  derived  solution. 


Data 

Details  of  the  Antenna  Performance  including  patterns,  beamwidth,  gain,  ERP,  and 
pattern  degradation  simulating  BPM  failures  are  included  in  Extend  Antenna  Array 
Tests,  part  of  the  approved  test  plan  included  in  Appendix  A.  Included  in  Appendix  A  - 
Extended  Antenna  Array  Tests  -  are  comparisons  of  expected  performance  (as  projected 
from  Computer  Aided  Design)  with  actual  performance. 
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AMPLIFIER  DESIGN 


During  the  investigation  leading  to  an  amplifier  design  both  Silicon  Bipolar  and  Gallium 

Arsenide  FET(GaAsFET)  transistors  were  evaluated.  Characteristics  considered 

most  important  for  this  system  application  were: 

Power  Output 
Reliability 
Efficiency 
Bandwidth 

Gain 

Noise  Power 
Phase  Uniformity 
Cost/Watt 

Minimum  Device  Count 

Projections  for  Device  Improvements  in  Expanding  to  1  KW  System 

A  survey  of  device  manufacturers,  including  evaluation  of  parts,  was  undertaken 
prior  to  the  award  of  this  contract.  The  results  indicated  that  as  of  June  1977: 

a.  Bipolar  devices,  developed  by  TRW  under  USA  ECOM  Contract  DAAB07- 
73-C-0283  provided  the  greatest  power  output,  lowest  cost/watt,  mini¬ 
mum  device  count  and  best  prospects  of  improvements  in  the  short  term. 

b.  G«AsFET  development,  though  extensive,  provided  low  power  level 
parts  which  were  significantly  more  expensive.  Higher  power  transis¬ 
tors  were  still  limited  to  the  development  stage. 

Thus  the  system  was  developed  around  the  TRW  MRA271  devices  and  a  single  cell 
version  of  this  device  -  MRA272. 

For  this  program, TRW  felt  improvements  in  device  geometry  and  internal  matching 
would  improve  the  turn  on  characteristic,  bandwidth  and  efficiency  of  the  MRA  271/272 
devices. 

While  these  modifications  were  in  progress,  ITT  DC  D  evaluated  samples  of  the 
devices  as  developed  for  ECOM  by  TRW. 
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Bipolar  Amplifier  Results 

The  initial  amplifier  efforts  on  this  program  were  with  bipolar  transistors  developed 
by  TBW  Semiconductor  Division  for  5  GHz  applications.  These  transistors  were 
similar  to  the  devices  developed  by  TBW  for  the  US  Army  Electronics  Command, 
Fort  Monmouth  (ECOM)  with  several  notable  differences: 

•  A  5  cell  power  transistor  design  (versus  6  cell)  was  developed  to  improve 
yield. 

•  A  single  cell  transistor  was  fabricated  to  provide  a  driver  for  the  5  cell  trans¬ 
istor. 

•  Internal  matching  was  incorporated  into  both  transistor  designs  to  improve 
bandwidth  performance. 

A  summary  of  the  expected  performance  of  the  two  devices,  models  MBA -271  and 


MRA -272,  is  as  follows: 

MRA  271 

MRA  272 

Output  Power  (Min) 

4.  5  watts 

1.  5  watts 

Gain  (Min) 

5  dE 

6  dP 

Bandwidth 

4.4  -  5.0  GHz 

4.4  -  5.0  C 

Efficiency  (Min) 

20$ 

20$ 

Operating  Voltage  (Max) 

26  volt 

26  volt 

Thermal  Resistance  (Max) 

6°C/Watt 

30°C/Watt 

Using  these  transistor  specifications,  a  system  block  diagram  was  developed  to 
obtain  100  watts  of  BF  power  with  12  Basic  Power  Modules  (BPM’s).  A  block 
diagram  of  the  PPM  is  shown  in  Figure  14  .  The  output  power  of  two  MBA  271's 
is  combined  to  obtain  the  minimal  8. 1  watts  required.  Two  MRA  272's  provide  the 
drive  required  for  the  power  stages.  Lange  couplers  are  utilized  for  power 
splitting/combining  and  were  included  in  the  interstage  section  to  minimize  the 
difficulties  in  cascading  Class  C  transistors.  Using  transistors  TBW  fabricated 
from  the  original  ]Gt  of  devices  developed  for  ECOM,  a  PPM  was  built  and  is 
shown  in  Figure  15  .  The  power  output  versus  frequency  data  shown  in  Figure  16 
identifies  several  problems  found  in  this  design.  These  include: 
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•  Pandwidth  -  At  the  nominal  drive  level  of  +28  dPm,  the  amplifier  failed  to 
cover  the  full  4.4-  5.  0  GHz  band.  Power  output  at  5  GHz  was  4  dP  down 
from  the  power  obtained  at  4.7  GHz. 

•  Turn-On  Characteristics  -  At  a  drive  level  of  +27  dPm,  1  dP  below  nominal, 
the  amplifier  response  fell  off  rapidly  at  both  the  low  and  high  ends  of  the 
frequency  band. 

•  Efficiency  -  The  efficiency  of  the  amplifier  was  less  than  required,  dropping 
to  less  than  13 °/r  at  4.4  GHz. 

TRW  hoped  to  improve  these  characteristics  on  new  lots  of  transistors.  Other 
transistor  characteristics  considered  critical  for  this  application  were  investigated. 
These  results  arc  summarized  below: 

Parameter  Measured  Results 

Phase  Tracking  (Transistor  to  Transistor)  23° 

AM/PM  10° /dB 

Noise  Power  (100  MHz  off  carrier)  -136.  5  dPm/Hz 

Second  Harmonic  -28  dPc 

Both  of  the  phase  characteristics  (tracking  and  AM/PM)  were  approximately  twice 
the  values  that  were  required  for  a  systemof  this  type.  Computer  calculations  of 
antenna  gain  and  sidelobe  levels  as  a  function  of  random  phase  and  amplitude  inputs 
to  the  antenna  matrix  baluns  were  used  to  determine  the  maximum  phase  and  ampli¬ 
tude  variations  for  the  PPM's. 

The  noise  power  output  100  MHz  away  from  the  carrier  determines  the  impact  the 
Phased  Array  transmitter  has  upon  the  AN/GRC-143  receiver.  This  noise  power 
is  coupled  into  the  receiver  via  coupling  between  the  transmit  and  receive  arrays. 
With  30  dB  isolation  between  the  two  arrays,  the  noise  power  from  the  bipolar 
transistor  amplifier  results  in  a  calculated  noise  figure  degradation  on  the  order 
of  4  dB.  Receiver  noise  figure  degradation  as  a  function  of  BPM  noise  power 
(dBm/Hz)  and  antenna  isolation  is  plotted  in  Figure  17. 
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The  level  of  the  second  harmonic  (-28  dBc)  indicated  that  a  low  pass  filter  with  at 
least  52  dB  rejection  at  8.  8  GHz  would  be  required  at  the  output  of  each  BPM  to  meet 
the  spurious  radiation  specification  of  -80  dBc. 


In  summary,  measured  performance  versus  design  performance  for  the  bipolar  was 


as  follows: 

DESIGN 

MEASURED 

Frequency  Range 

4. 4-5.0 

4. 4-4.  7  GHz 

Power  Output 

8.  1  watt 

8. 5  watt 

Gain 

11. 1  dB 

11.3  dB 

DC  Power 

54.  5  watt 

62 . 9  watt 

Efficiency 

15.1% 

13.5% 

Phase  Tracking 

10° 

23° 

AM/PM 

<5  /dB 

10°/c1B 

Noise  Power 

-142  dBm/Hz 

-136.5  dBn/Hz 

Based  upon  these  results,  the  best  projection  of  system  performance  using  bipolar 
transistors  was  as  follows: 


Frequency 
Power  Output 
Efficiency,  DC-RF 
Duplex  Operation 


4.  5-4.  8  GHz 
100  watts 
10% 

4  dB  Noise  Figure  Degradation 


Due  to  the  turn-on  characteristics  of  the  bipolar  transistors,  every  loss  in  the 
system  was  critical,  particularly  the  loss  of  the  12  way  power  divider  and  of  the 
interstage  Lange  couplers.  Additional  losses  of  a  few  tenths  of  a  dB  could  mean  the 
difference  between  full  output  and  no  output  for  operation  anywhere  but  band  center. 

Thus  the  use  of  these  devices  would  mean  significant  shortcomings  in  evaluating  the 
main  system  development  objectives  i.e. ,  bandwidth,  efficiency  and  duplex  operation. 


-  47  - 


The  effort  with  bipolar  transistors  did  not  go  any  further  than  the  building  and 
testing  of  one  BPM.  TRW  was  unsuccessful  in  its  attempts  to  process  any  new 
transistor  lots  that  came  close  to  meeting  the  requirements  for  this  system 
application.  The  decision  was  made  to  first  investigate  an  all  GaAsFET  BPM 
and  based  upon  that  investigation  to  shift  the  program  from  bipolar  to  PET  devices. 
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GaAsFKT  Amplifier  Results 

Several  developments  forced  the  Phased  Array  program  to  shift  to  an  all  GaAsFET 
approach.  These  included: 


•  TRW's  lack  of  success  in  processing  any  new  bipolar  transistor  lots  to  meet 
the  required  specifications,  even  in  the  small  quantities  needed  for  this  pro¬ 
gram. 

•  The  projected  Phased  Array  system  performance  based  upon  obtainable  bipolar 
transistors  would  have  been  narrow  bandwidth  (200  -  300  MHz),  low  efficiency 

(  ^-lO*/?)  and  very  limited  dynamic  range. 

•  The  continued  improvement  in  FET  power  capability  with  2.  5  watt  and  5  watt 
transistors  becoming  commercially  available  during  the  course  of  this 
contract. 

•  Improvements  in  FET  device  processing  resulting  in  high  reliability  transis¬ 
tors. 

•  The  number  of  companies  actively  developing  power  FET's  was  much  greater 
than  those  researching  C-Band  power  bipolar  transistors,  indicating  that 
FET's  would  more  likely  provide  the  long  term  solution. 


In  addition,  it  was  felt  that  the  power  FET  offered  substantial  improvements  in 
bandwidth,  turn-on,  AM/PM,  noise  power,  and  efficiency  performance. 

Disadvantages  of  the  FET  included  lower  power,  significantly  higher  cost  and  lower 
operating  voltage.  A  summary  of  the  comparison  between  bipolar  and  FET  devices 
using  measured  data  for  both  devices  is  as  follows: 


Transistor  Parameter  Bipolar 

Power  per  Device  4.  5  watt* 

Device  Efficiency  23%* 

Bandwidth  4.  5  -  4.  8  GHz* 

AM/PM  10°/dB 


GaAsFET 

2.  5  watt 
27% 

4.4  -  5.0  GHz 
3°/dB 


♦Parameters  which  are  very  sensitive  to  drive  level  and  which  negate  use  of  these 
devices  for  this  system  application. 


T ranaistor  Parameter 


GaAsFET 


Turn-On 
2nd  Harmonic 
Noise  Power 
DC  Power 
Package 
Cost  $/Watt 


Bipolar 

Class  C 
-28  dBc 

-136.  5  dBm/Hz 
19.6  W  (26v,  .75a) 
Non-Hermetic 
$90/Watt 


Linear 

-38  dBc 

-145  dBm/Hz 

8.5  W  (8.  5w,  la) 

Hermetic 

$280/Watt 


The  bipolar  cost  figure  was  agreed  upon  with  the  device  manufacturer  for  this 
program  only,  and  does  not  reflect  the  true  costs  (which  would  be  significantly 
higher).  In  addition,  the  development  of  a  Hermetic  packaged  version  of  this 
transistor  would  add  significantly  to  the  device  cost.  The  GaAsFET  cost,  how¬ 
ever,  is  the  current  (June,  1979)  market  price  of  the  Microwave  Semiconductor 
Corporation  (MSC)  2.5  watt  transistor  (MSC  88010).  The  trends  in  power  FET's 
indicate  rapid  price  reduction  versus  time,  particularly  after  competition 
developes.  For  example,  the  MSE  88002  (0.5  watt  device)  cost  $400  when  first 
introduced,  but  only  $150  two  years  later. 


A  new  system  was  designed  around  the  commerically  available  GaAsFET's.  The 
2.  5  watt  FET's  were  used  instead  of  the  5  watt  FET's  because  they  were  more 
readily  available  and  less  expensive. 

BPM  -  The  block  diagram  of  the  GaAsFET  amplifier  is  shown  in  Figure  18.  Two 
MSC  88010  FET's  are  combined  to  obtain  the  nominal  4  watts  output  power.  Drive 
for  the  high  power  FET  is  provided  by  a  DXL  3640A  FET.  Power  splitting/ 
combining  is  accomplished  with  Lange  couplers  (fabricated  on  .050"  Alumina 
substrates).  Since  the  FET’s  operate  in  a  saturated  linear  mode,  no  interstage 
combining/splitting  was  required.  An  output  isolator  is  included  to  minimize  the 
effects  of  cable  and  transmit  balun  VSWR.  A  detector  is  also  provided  for  Built 
In  Test  Equipment  (BITE)  circuitry.  A  photo  of  the  FET  BPM  is  shown  in  Figure  19. 
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A  negative  voltage  regulator  is  included  to  provide  the  required  gate  voltages  for 
the  iET's.  The  gate  voltage  on  each  FET  is  adjusted  to  obtain  the  desired  drain 
current  (200  raa  for  the  DXL  3640A,  900  ma  for  the  MSC  88010). 

Power  output  versus  frequency  as  a  function  of  RF  drive  for  one  of  the  FET  BPM's 
is  shown  in  Figure  20.  As  expected  for  a  linear  amplifier,  the  frequency  response 
is  maintained  at  lower  drive  levels,  greatly  enhancing  the  graceful  degradation 
characteristics  of  the  system.  Power  output  and  efficiency  as  a  function  of  input 
drive  at  three  frequencies  is  plotted  in  Figure  21.  BPM  efficiencies  on  the  order 
of  22%  were  achieved  across  the  entire  frequency  range.  The  results  obtained 
from  the  other  BPM's  as  well  as  some  extended  testing  results  are  included  in 
Appendix  A.  Highlights  of  this  testing  follows. 

Second  harmonic  content  was  measured  to  be  -38  dBc  worst  case.  With  the  50  dB 
rejection  provided  by  the  low  pass  filter,  the  radiated  spurious  are  more  than 
88  dB  below  the  carrier.  (Spec:  -80  dBc) 

The  third  order  intercept  point  was  measured  to  be  +45.6  dBm. 

Phase  characteristics  of  the  BPM's  were  also  investigated.  AM/PM  conversion 
was  measured  to  be  less  than  3°/dB  for  all  three  amplifiers,  this  is  comparable 
to  a  typical  Klystron  Tube.  Phase  tracking  measurements  (BPM  to  BPM)  indi¬ 
cated  a  worst  case  variation  of  46°.  Two  of  the  amplifiers  tracked  quite  well, 
being  within  15°  of  each  other.  The  third  (BPM  #2)  had  significantly  different 
transmission  phase  characteristics.  This  phase  variation  is  believed  to  be  due 
to  a  difference  in  RF  matching. 

Noise  power  measurements  on  the  three  BPM's  indicated  a  worst  case  noise 
power  of  -86  dBm  in  a  775  KHz  bandwidth  (-145  dBm/Hz)  at  a  drive  level  of 
+25.4  dBm.  This  results  in  a  calculated  receiver  noise  figure  degradation  of 
0. 89  dB  for  30  dB  transmit  to  receive  array  isolation  (See  Figure  17). 
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Details  of  these  results  are  included  in  Appendix  A,  Part  I. 

IPA  (Intermediate  Power  Amplifier)  -  An  GaAsFET  IPA  was  also  designed,  built, 
and  tested  to  complete  the  system  requirements.  This  unit  is  essentially  half  of  a 
BPM,  consisting  of  a  single  DXL  3640A  driving  an  MCS  88010  FET.  A  block  dia¬ 
gram  of  the  amplifier  is  shown  in  Figure  21.  Input  and  output  isolators  provide  the 
required  system  input  VSWP  and  protect  against  post  filter  misalignment.  A  diode 
detector  is  included  to  monitor  IPA  output  power  and  provide  a  front  panel  meter 
indication.  Amplifier  matching  circuitry  is  realized  on  .  025"  alumina  substrates. 

The  power  output  of  the  IPA  versus  frequency  as  a  function  of  RF  drive  is  shown 
in  Figure  23.  Saturation  and  efficiency  performance  is  plotted  in  Figure  24. 
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Passive  Components 


I)  Isolators 

The  isolators  used  in  the  Phased  Array  system  are  low  loss  designs  from  the 
Junction  Devices  Company.  The  three  different  model  numbers  required  in  the 
system  reflect  different  connectors  and  power  ratings  of  the  built  in  terminations. 
A  summary  of  the  measured  data  on  these  devices  follows: 


Model 

Where  Used 

Ins  Loss* 

VSWB 

Isolation 

3C157 

Amplifier  Output 

.  18  dB 

1. 15:1  max 

25  dB  min 

3C156 

IPA  Input 

.19  dB 

1.2:1  max 

25  dB  min 

3C163 

Antenna  Input 

.19  dB 

1. 15:1  max 

30  dB  min 

♦Maximum  loss,  4.  4  -  5.  0  GHz 


II)  Low  Pass  niters 

Low  pass  filters  are  required  on  the  output  of  each  BPM  to  attenuate  the  second 
harmonic  below  the  -80  dBc  specified  level.  These  filters  are  9  pole,  coaxial 
designs  provided  by  Uniform  Tubes  to  the  following  specifications: 


Specification  Measured 

Cutoff  Frequency  5.0  GHz  5.0  GHz 

Passband  Loss  0. 4  dB  max  .  31  dB 

Passband  VSWB  1.35:1  max  1.27:1  max 

Minimum  Loss®  f  3t8.8GHz  50  dB  49. 5  dB 

Transmission  Phase  (Unit  to  Unit)  ±5°  ±2° 


I  he  measured  data  on  one  of  these  LPF's  from  4  to  10  GHz  is  shown  in  Figures  25 
26,  &  27.  Maximum  passband  VSWR  for  this  unit  measured  1.  20:1  at  5.0  GHz. 

The  next  two  plots  are  of  insertion  loss,  the  second  being  a  expanded  scale  showing 
passband  loss  in  detail.  Maximum  passband  loss  was  measured  to  be  0.  284  dB  at 
5.  0  GHz  with  a  minimum  loss  of  49.  6  dB  at  frequencies  above  8.  8  GHz. 

Ill)  3  dB  Hybrids 

Two  types  of  3  dB  hybrids  are  required  in  the  Phased  Array  amplifier  matrix. 
Quadrature  hybrids  are  utilized  in  the  BPM's  for  power  splitting  and  combining. 
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The  requirements  inc  lude  low  loss  (  <.  25  dB),  large  bandwidth  and  high  power  handling 
capab’TUy  for  combining  the  outputs  of  two  final  amplifier  stages.  The  second  type  of 
hybrid  is  an  in-phase  divider  to  provide  equal  phase  signals  to  the  transmit  baluns. 

Key  requirements  on  this  unit  include  low  loss,  phase  tracking  between  outputs  and 
medium  power  handling  capability. 

A  comparison  of  the  3  dB  hybrids  considered  for  these  applications  appears  in 
Figure  28  and  includes  Wilkinson,  Branchline  ,  Lange,  and  Overlay. 

For  the  quadrature  hybrid  application,  the  Wilkinson  was  eliminated  because  of  its 
low  power  handling  capability.  The  double  Branchline  has  adequate  bandwidth  but 
higher  loss.  The  Overlay  design  was  investigated  because  of  its  desirable  loss  and 
power  characteristics  as  well  as  its  relative  ease  of  interfacing  directly  with  the 
microstrip  circuitry  in  the  amplifier.  These  hybrids  had  tab  input  and  output  con¬ 
nections  which  could  be  soldered  directly  to  the  amplifier  circuitry.  A  high 
dielectric  constant  material  is  required  for  the  microstrip  circuitry  to  minimize 
the  interface  problems  between  the  stripline  hybrid  structure  and  the  microstrip. 
Alumina  (£  r  =  9.  9)  was  thus  chosen  for  the  amplifier  modules  (refer  to  section  on 
substrate  material  selection). 

Despite  a  considerable  effort,  this  transition  from  stripline  to  microstrip  radiated 
and  low  VSWB  transitions  could  not  be  obtained. 


Lange  interdigital  couplers  were  thus  selected  despite  their  more  difficult  fabrication 
problems.  The  couplers  are  fabricated  on  .050"  thick  alumina  (1"  x  2")  with  gap 
and  line  width  dimensions  of  3.  2  mils  and  6.  8  mils  respectively.  Measured  data 
on  this  design  is  shown  in  Figures  29,  30,  31,  &  32,  and  is  summarized  below. 


Frequency 

Insertion  Loss 

Amplitude  Balance 

VSWR 

Isolation 

Phase  Balance 


4.4  -  5.0  GHz 
0.3  dB 
±0. 1  dB  max 
1.  21:1  max 
24  dB  min 
90°  ±  2° 
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Fig.  2S. 


The  couplers  Include  a  considerable  amount  of  50  ohm  line  that  is  required  to  feed 
the  amplifiers.  The  50-n. termination  is  flange  mounted  to  the  amplifier  chassis  and 
is  rated  at  1  watt  for  the  input  power  splitter  and  10  watts  for  the  output  combiner. 


The  in-phase  power  divider  is  a  commercially  available  planar  Wilkinson  design 
(Merrimac  PDM-20-4.  76  ).  Measured  performance  for  this  unit  is  shown  in 
Figures  33  thru  36  and  is  summarized  below: 


Frequency 

Loss 

Amplitude  Balance 
VSWR 

Phase  Blanc e 
Isolation 


4.4  -  5.0  GHz 
0.  28  dB  max 
±.  05  dB  max 
1.  2-.1  max 
±2°  max 
24  dB  min 


IV.  Three  Way  Power  Divider 


Three  way  power  dividers  are  required  both  in  the  transmitter  portion  to  provide 
equal  power,  equal  phase  inputs  to  the  BPM's  and  in  the  receive  array  combiner 
network.  These  units  were  designed  and  built  by  ITTDCD  because  the  commercially 
available  devices  were  octave  bandwidth  designs  which  were  operating  near  the  edge 
of  its  frequency  band.  By  designing  a  divider  optimized  for  the  4.4-5  GHz  frequency 
band,  substantially  improved  loss  and  VSWR  performance  was  obtained. 


The  power  divider  is  a  double  section,  planar  Wilkinson  design  shown  schematically 
in  Figure  37  .  The  units  are  stripline  construction  using  .062"  thick  Duroid  sub¬ 
strates  with  1  oz  Gold  plated  copper.  Measured  data  on  one  of  these  devices 
appears  in  Figures  38  thru  42 and  is  summarized  below. 


Frequency 
Input  VSWR 
Loss 

Amplitude  Balance 
Phase  Balance 
Isolation 


4.4  -  5.0  GHz 
1. 15:1  max 
0.  3  dB  max 
±0.2  dB 
±5°  max 
20  dB  min 
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SUBSTRATE  MATERIAL 


Material  Evaluation 

Several  substrate  materials  were  investigated  for  use  in  the  Phase  Array  amplifier 
modules.  Besides  alumina,  ITT-DCD  has  studies  less  expensive  materials  such  as 
Epsllam-10  (3M),  teflon  fiberglass,  and  fused  quartz.  Teflon  fiberglass  and  fused 
quartz  were  unacceptable  because  their  low  dielectric  constant  made  them  incom¬ 
patible  with  the  3  dB  hybrids  then  being  considered.  Radiation  at  the  inputs  to  these 
hybrids  was  minimal  when  launced  into  a  material  with  a  higher  dielectric  than 
used  in  the  hybrid  itself. 

Since  Epsilam-10  is  less  expensive  than  Alumina  and,  therefore,  more  attractive 
from  a  BPM  cost  viewpoint,  an  extensive  comparison  of  the  two  materials  was 
performed.  The  two  differ  mainly  in  loss  tangent,  thermal  coefficient  of  expan¬ 
sion,  and  **  j  (loss  in  dB/m).  Their  characteristics  are  outlined  in  Figure  43. 

Two  identical  single  resonator  filters  were  constructed  on  the  respective  sub¬ 
strate  material.  The  filter  pattern  is  shown  below: 


i 

L 


SINGLE  RESONATOR  TEST  FILTER 

Both  substrates  were  bonded  to  a  carrier  with  end  walls  using  the  technique 
described  in  Section  on  Substrate  Bonding. 
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FIGURE  43 

ALUMINA  AND  EPS1LAM-10  SPECIFICATIONS 


PARAMETER 

EPSILAM-10 

ALUMINA 

Dielectric  Const.  E 

B 

10.2  ±  .5 

10. 1  i  .  25 

Temp,  coeff.  ofE„ 

R 

570  ppm/° C 

74  ppm/° C' 

LOSS  TAN  X  (10  GHz) 

.002 

.0001 

Metalization 

Copper 

Chrome-Gold 

Thickness  of  metal 

. 00135" 

. 0003" 

Coeff.  of  linear  exp. 

11-23  ppm/° C 

7  ppm/°C 

Loss/inch  4. 7  GHz 

.21  dB 

.  08  dB 

Qo  at  4.7  GHz  (50  Sl) 

130 

310 

Cost/Sq  Inch 

$1.  00 

$6.00 

l 

i 


I 


The  filter  was  designed  to  resonate  at  4.  7  GHz,  but  actually  resonated  at  4,  35  GHz 
d”e  to  fringing  capacitance.  It  was  felt  that  this  shift  in  center  frequency  would  not 
significantly  effect  the  evaluation.  All  measurements  were  performed  on  an  H.  P. 
8542B  Automatic  Network  Analyzer.  After  an  initial  measurement  was  made,  both 
filters  were  subjected  to  temperature  and  humidity  extremes.  After  each  envir¬ 
onmental  stress,  the  filters  were  retested  at  room  temperature.  The  results  of 
the  evaluation  are  shown  in  Figure  44. 

The  loss  in  dB/inch  can  be  expressed  as: 

27.3 
Qu  Ar 

Where  is  the  effective  wavelength  in  inches.  The  unloaded  Q  (Qu)  is  found  by 
using  graph  T-99  of  the  1963  Microwave  Engineer's  Handbook  and  Buyers  Guide. 

The  results  shown  that  Epsilam-10  is  more  lossy  than  Alumina  due  to  a  substan¬ 
tially  lower  Qu  and  its  tendency  to  absorb  moisture.  This  excess  loss  and  unde- 
sireable  tendency  to  alter  characteristics  via  water  absorption  far  outweigh  its 
cost  advantage.  Based  on  these  conclusions,  Alumina  was  used  as  the  substrate 
material. 

Substrate  Bonding 

Previous  programs  at  ITTDCD  have  extensively  investigated  the  substrate/carrier 
interface.  One  major  concern  is  the  separation  of  the  bond  between  these  elements 
as  a  result  of  environmental  factors.  The  standard  technique  employed  at  DCD 
has  been  Alumina  epoxied  to  a  Kovar  carrier.  This  is  reliable  over  environmental 
extremes,  but  increases  weight  and  cost. 

The  Global  Positioning  Satellite  (GPS)  program  at  DCD  had,  as  a  prime  considera¬ 
tion,  weight.  Thus,  an  investigation  of  reliable  and  lightweight  substrate  bonding 
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ALUMINA  VS  EPSI LAM-10 


techniques  ensued.  The  results  of  this  analysis  led  to  a  technique  of  bonding  Alumina 
to  Aluminum  via  conductive  epoxy.  This  technique  was  subjected  to  repeated  thermal 
cycles  (  >  40)  without  separation. 

For  the  Phased  Array  Antenna  Amplifier  Program  this  technique  has  allowed  DCD 
to  reduce  the  weight  of  a  basic  power  module  by  approximately  .  5  pounds.  This  is 
based  upon  .  28  lb/cu.  in.  for  Kovar  and  approximately  6  sq.  in.  of  carrier  per 
BPM.  Additionally,  the  expense  of  machining  Kovar  has  been  eliminated. 


II  G. 


SUMMARY  &  RECOMMENDATIONS 


The  Exploratory  Development  Scale  Model  of  the  (mechanically 
steerable)  Phased  Array  Antenna  Amplifier  has  demonstrated  the 
feasibility  of  solid  state  power  generation  and  spatial  combining 
for  communication  system  applications.  Though  not  every  speci¬ 
fication  was  met,  the  major  factors  affecting  system  performance 
were  detailed  and  demonstrated. 

SUMMARY 

The  success  of  this  program  exists  in  the  analysis,  design,  and 
test  of  new  microwave  components  in  a  dual  diversity  communi¬ 
cations  system.  These  areas  are: 

•  Printed  Circuit  Dual  Polarized  Array 

•  Computer  Aided  Design  (CAD)  Accomplishments  in  Array 
Antenna  Design 

•  High  Efficiency  Broadband  RF  Amplifiers 

•  Duplex  Operation  of  a  scale  model  system  employing  distributed 
RF  power  generation  (graceful  degradation)  and  spatial  combining. 
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PRINTED  CIRCUIT  DUAL  POLARIZED  ARRAY  ACCOMPLISHMENTS 


The  major  accomplishment  of  the  antenna  design  was  to  realize  in  simple  hardware 
a  complex  system  requirement.  The  complexity  included: 

•  Multiple  inputs 

•  Greater  than  1000  radiating  elements 

•  Sub-array  combining  corporate  feeds 

•  Dual  independent  polarizations 

•  Electrical  performance  comparable  to  a  standard  parabolic  reflector 
antenna 

•  Single  aperture  with  normal  gain/area  antenna  performance  for  dual 
polarizations 

•  Readily  extendable  to  other  sizes. 

The  solution  to  meet  these  requirements  was  a  simple  arrangement  of  three  printed 
circuit  laminates  layered  above  a  flat  ground  plane  and  with  coaxial  input/output 
connections  to  sub-arrays,  a  structure  capable  of  further  simplification  to  a  single 
laminate  and  ground  plane. 

Realization  of  the  antenna  required  new  technology  advances  in  designing  and 
fabricating  large  single  piece  PCB  laminates  as  well  as  advances  in  modelling 
of  physical  parameters  to  meet  electrical  performance  requirements.  The  latter 
is  especially  important  because  of  the  great  cost  of  artwork  development  for 
large  laminates.  Thus,  ten  square  foot  apertures  of  a  single  piece  have  been 
demonstrated  as  feasible  in  construction  and  predictable  in  performance. 

The  electrical  performance,  as  measured  and  by  extrapolation  with  feasible  design 
improvements,  demonstrated  that  the  increase  in  complexity  did  not  result  in  sub- 
par  performance  with  respect  to  the  standard  field  parabolic  antenna.  Thus,  50 
to  55 %  efficiencies  were  achieved  and  60%  appears  feasible.  Beamwidth  and 
sidelobes  were  shown  to  be  capable  of  adjustment  by  aperture  shape  and  taper  to 
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within  tenths  of  a  degree  for  beamwidth  and  1  to  1.5  dB  for  sidelobes.  VSWR 
performance  of  1. 5:1  maximum,  attainable  in  a  fully  optimized  design,  is  com¬ 
patible  with  system  needs  although  higher  than  typical  parabolic-feedhom  VSWR. 
Finally,  isolation  performance  of  30  dB  minimum  between  polarizations  and 
greater  than  40  dB  between  sub-arrays  within  a  polarization  demonstrate  the 
array  techniques  are  comparable  to  typical  parabola-horn  antennas  without 
degradation  due  to  blockage. 

In  addition  to  the  contract  application,  the  use  and  attainment  of  sub-array, 
mutli-port  construction  for  both  transmit  and  receive  provides  a  tool  for  other 
applications  by  array  processing  techniques.  Some  possibilities  are-. 

•  Receive  array  null  steering  for  tracking  or  anti-jamming 

•  Receive  and/or  transmit  rejection  of  unwanted  frequencies  by 
array  processing  of  sub-arrays  as  a  filter 

•  Simultaneous  operation  on  different  frequencies  (equal  to  the  num¬ 
ber  of  sub-arrays)  for  transmit  and  /or  receive,  i.  e. ,  a  multi¬ 
beam  antenna 

•  Noise  and  fade  cancellation  by  sub-array  processing 

•  Special  modulation  techniques 

•  Polarization  diversity. 

The  array  is  a  versatile  vehicle  which  provides  a  minimum  of  hardware  complexity 
in  implementing  complex  system  functions. 
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CAD  ACCOMPLISHMENTS  IN  ARRAY  ANTENNA  DESIGN 


Large  printed  circuit  arrays  pose  special  problems  in  design  and  fabrication  which 
make  it  mandatory  to  have  a  method  for  accurately  predicting  performance.  Computer 
Aided  Design  (CAD)  provides  the  needed  computational  power  to  directly  assess  the 
performance  of  large  arrays  with  arbitrary  excitations  not  amenable  to  closed  form 
solutions.  Thus,  the  successful  use  of  CAD  techniques  is  in  itself  a  program 
achievement. 

Three  areas  of  investigation  resulted  from  the  three  main  caust  s  of  variations  in 
aperture  excitation:  applied  tapering  for  sidelobe  control,  errors  due  to  tolerances 
of  construction  and  input  powers,  graceful  degradation  performance  due  to  total 
loss  of  one  or  more  input  signals.  Achievements  in  each  of  these  areas  by  CAD 


as  follows: 

Taper  Selection: 

CAD 

Measured 

Sidelobes,  cardinal 

17.0  dB 

16.  3  dB  (Avg) 

inter-card. 

21.0  dB 

20. 1  dB  (Avg) 

Error  Performance: 

(Fabrication  &  excitation  errors) 

Sidelobe  degradation  -  Avg. 

1.9  dB 

0.7  dB 

Peak 

3.5  dB 

2.9  dB 

Gain  error  -  Tx 

.54  dB 

1.05  dB 

Rx 

,  54  dB 

1.34  dB 

•  ERP  Degradation: 

Single  Amplifier  failure  1.43dB  (Avg)  1.7  dE  (Avg) 


From  these  results,  the  CAD  analysis  was  quite  accurate  in  predicting  actual 
averaged  performance.  It  is  expected  that  expanding  this  CAD  to  larger  arrays 
would  provide  very  useful  information  in  determining  - 
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MICROCOPY  RESOLUTION  TEST  CHART 

NA1IONAL  BURIAU  Of  SIANOARDS  1963  A 


Feasibility  of  printed  array  -  spatial  combining  technique  for  further  extensions 
of  this  system  and  for  new  concepts. 

Design  characteristics  for  achieving  the  desired  results. 


HIGH  EFFICIENCY  BROADBAND  RF  AMPLIFIERS 


During  the  course  of  this  program,  both  Silicon  Bipolar  Transistors  and  Gallium 
Arsenide  Field  Effect  Transistors  were  considered  for  use  in  the  amplifiers.  In 
addition  to  these  two  device  technologies,  ITT  also  investigated  the  various  design 
techniques  for  power  combining/splitting  to  efficiently  add  the  power  of  individual 
devices  to  form  higher  level  signals. 

In  all  cases  the  main  consideration  was  to  develop  the  technology  required  to  demon¬ 
strate  system  feasibility. 

As  a  result  of  this  driving  consideration,  when  it  became  apparent  that  current 
high  power  Bipolar  devices  offered  severe  drawbacks  to  system  performance,  ITT 
developed  the  Gallium  Arsenide  FET  Amplifier.  As  a  result  of  this  evaluation 
effort,  ITT  was  able  to  provide  a  side  by  side  comparison  of  the  devices'  perfor¬ 
mance.  Following  is  a  general  summary  of  this  comparison  (Refer  to  Extended 
Amplifier  Tests  -  for  specifics  Appendix  B). 

NOTE:  This  comparison  is  valid  with  current  components;  levels,  limits, 
etc.  will  change  as  progress  is  made  in  each  technology. 

This  evaluation  (comparison)  listed  those  device  parameters  most  critical  to 
Duplex  communications  system  performance. 


1 

l 

I 


Parameter 

Silicon  Bipolar 

Gallium  Arsenide  FET 

Bandwidth 

300  MHz  (Partial  Band) 

600  MHz  Minimum 
(Full  Band) 

Drive  Sensitivity 

Non-Linear,  bandwidth 
critically  dependent  upon 
drive 

Class  'C'  bias 

Linear,  bandwidth 
insensitive  to  drive 

Class  'A'  bias 

Power  Output/Device 

4.5  Watt 

2. 5  Watt 

Device  Efficiency 

23%  @  Nominal  Drive 

28%,  @  Nominal  Drive 

Amplifier  Efficiency 

16%-  Measured 

22%  Measured 

DC  Power  Source 

Positive  (+26  v) 

Positive  (Drain)  (+8.  5  volt) 
Negative  (Source)  (  -2  volt) 

Noise  Power 

-136.5  dBm/Hz 

-144. 9  dBm/Hz 

Noise  Figure  Degradation 
(AN/GRC-143  Receiver  & 
Scale  Model  System) 

3  -  4  dB  (Calculated) 

None  (Measured) 

Second  Harmonic 

-28  dBc 

-38  dBc 

AM/PM  Conversion 

o 

o 

rH 

3°/dB 

Phase  Tracking 

23°,  transistor  to 
transistor 

46°,  BPM  to  BPM  (2  BPM's  • 
within  15°,  one  within  46°) 

3rd  Order  Intercept  Point 

- 

+45.6  dBm 

Device  Package 

Epoxy  Seal 

Hermetic 

Metalization  System 

Gold 

Gold 
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Duplex  Operation 

,  i 

For  this  exploratory  development  effort  to  be  considered  successful,  one  of  the  most 
critical  system  characteristic  which  had  to  be  demonstrated  was  Duplex  Operation. 

This  characteristic  was  demonstrated  by  both  calculating  and  measuring  the  effects  of 
the  Phased  Arrays'  Transmit  Chain  and  cross  polarization  coupling  on  an  AN/GRC-143 
Receiver. 

The  details  of  these  effects  are  outlined  in  the  Test  Plan  Data,  Appendix  A  of  this 
report. 

The  results  show  that  no  measureable  difference  occurs  in  the  AN/GRC-143  Receiver 
Threshold -./ith  the  Phased  Arrays'  Transmitter  (GaAsFET  Design)  on  or  off  for  Receive 
and  Transmit  frequencies  separated  by  100  MHz.  This  was  repeated  at  more  than  one 
frequency  setting  with  similar  results. 

The  GaAsFET  amplifier  noise  power  output  100  MHz  away  from  the  carrier  was  measured 
to  be  -145  dBm  /  Hz.  This  was  approximately  8.4  dB  below  the  noise  power  measured 
for  the  TRW  MRA  271  bipolar  transistor.  Noise  quieting  curves  for  the  AN/GRC-143 
Receiver  with  and  without  the  Phased  Array  Antenna  Amplifier  showed  no  degradation  in 
receiver  threshold  with  100  MHz  transmit  to  receive  frequency  separation.  This  is  the  min¬ 
imum  frequency  separation  normally  used  and  thus  full  duplex  operation  of  the  AN/GRC- 
143  is  possible  with  this  Phased  Array  Antenna  Amplifier  system. 

At  50  MHz  separation  (less  than  required  for  system  operation),  a  4  dB  degradation  in 
receiver  threshold  was  measured.  This  equates  to  a  4  dB  receiver  noise  figure  degrad¬ 
ation.  From  figure  45  it  is  estimated  that  the  FET  amplifier  noise  power  50  MHz  away 
from  the  carrier  is  -137  dBm  /  Hz,  or  just  about  the  same  noise  power  output  measured 
from  the  bipolar  transistor  100  MHz  away  from  the  carrier. 
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DEGRADATION 
OISE  POWER 
( T  X  TO  R  X) 


RECEIVER  NOISE  FIGURE 
AS  A  FUNCTION  OF  BF'M  N 
AND  ANTENNA  ISOLATION 


- SCALE  MODEL - 


Thus  it  has  been  demonstrated  that  full  duplex  operation  of  the  AN/GRC-143  is  possible 
witli  die  Phased  Array  Antenna  Amplifier.  The  key  technical  developments  that  were 
required  to  achieve  this  goal  were: 

•  High  transmit  to  receive  polarization  isolation  (30  dB  minimum,  >  35  dB  typical) 

•  Low  noise  power  output  from  the  GaAsFET  power  amplifiers  (-145  dBm  /  Hz  @ 
100  MHz  from  carrier) 

•  System  design  with  proper  gain  in  antenna  mounted  BPM's  and  Bandpass  filter 
rejection  to  reduce  IPA  noise  contributions. 


RECOMMENDATIONS 


In  order  to  successfully  extend  the  Scale  Model  Exploratory  Development 
effort  to  a  full  scale  IKW  Program,  development  work  in  several  areas  is 
required.  These  areas  are: 

•  Low  Loss,  Light  Weight  HF  Power  Distribution  Techniques 

•  Development  of  a  Dual  Polarized  Printed  Dipole  Antenna  on  a  single  Laminate 

•  Extension  of  CAD  (Computer  Aided  Design)  to  predict  Antenna  Performance 
for  various  Amplitude  tapers. 

•  High  Power  Transistor  Technology  in  the  4.4  -  5.  0  GHZ  Band. 

•  Low  Loss,  Light  Weight,  Inexpensive  substrate  material  for  Microwave 
Integrated  Circuits. 

RF  POWER  DISTRIBUTION 

The  scale  model  antenna  used  .141  inch  diameter  semi-rigid  coaxial  cable 
to  integrate  the  receive  sub-arrays  and  also  for  power  division  to  the  amplifiers. 
Due  to  the  buffering  effect  of  the  amplifiers  the  cable  losses  do  not  significantly 
affect  transmit  gain  but  the  losses  directly  reduce  receive  gain,  by  1  to  1.  5  dB. 
The  extension  to  a  full  scale  antenna  would  increase  this  loss  prohibitively 
unless  a  low  loss  transmission  is  used.  Section  III  C  discusses  trade-offs 
which  show  the  desireability  of  using  a  waveguide  structure.  Although  manda¬ 
tory  for  receive,  waveguide  has  advantages  for  transmit  and  consequently  a 
parallel  system  is  proposed. 

A  development  program  to  realize  a  low  loss  distribution  system  would 
provide  a  key  element  in  realizing  an  efficient  antenna.  Areas  to  be  developed 
are: 

•  dual  mode  versus  stacked  single  mode  guides. 

•  dual  mode  wave  guide  components  -  power  dividers,  bends,  coax  transitions 

•  low  weight  techniques 

•  mechanical  integration  into  antenna  structure 
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SINGLE  LAMINATE  ANTENNA 


A  major  source  of  weight,  cost  and  complexity  in  the  antenna  is  the 
requirement  for  three  super-imposed  printed  circuit  laminates  to  achieve 
dual  polarization  for  independent  transmit  and  receive.  The  possibility  of 
a  dual  polarized  single  laminate  antenna  was  rejected  as  a  risk  approach  in 
the  initial  scale  model  analysis,  section  II  F.  Subsequent  refinement  of  the 
concept  has  shown  a  viable  realization  is  possible  which  was  used  as  the 
basis  for  the  IKW  model,  section  HI  C. 

A  development  program  to  reduce  the  single  laminate  concept  to  a 
practical  design  applicable  to  the  IKW  antenna  would  provide  a  basic 
building  block  for  the  antenna  realization.  The  goals  to  be  attained  are: 

•  layout  and  artwork  development  of  an  8  x  8  array  of  two  independent 
orthogonal  dipole  arrays  with  their  corporate  feeds,  and  useable  for 
developing  final  sub-arrays  of  the  IKW  antenna  by  step  and  repeat  photography. 

•  optimization  of  VSWP  performance  by  broadband  dipole  matching  techniques. 

•  determination  of  isolation  between  polarizations 

•  optimization  of  geometry  to  minimize  spurious  radiation  for  improved 
side  lobe  control 

COMPUTER  AIDED  DESIGN 

The  increase  in  the  number  of  dipoles  for  the  IKW  antenna  as  compared 
to  the  scale  model  overextends  the  PDP-11  computer  system  for  which  the  scale 
model  computer  program  was  written.  A  reduction  technique  was  used  to 
develop  the  IKW  system  which  grouped  small  sub-arrays  of  equal  power  in 
order  to  reduce  the  array  size.  Whereas  this  is  satisfactory  for  nominal 
tapers,  it  is  not  useable  for  analysis  of  errors  distributed  throughout  the 
array,  i.e. ,  with  errors,  the  grouped  dipoles  are  no  longer  of  equal  voltage. 

In  addition,  the  interlacing  scheme  for  a  single  laminate  design,  as  well  as 
the  modular  construction  of  the  antenna  will  result  in  new  type  error  patterns 
associated  with  sub-array  boundaries.  Thus,  a  revision  of  the  computer 
aided  design  program  to  accomodate  the  larger  array  and  the  new  error 
models  is  recommended.  The  needed  increase  in  computer  power  is  available 
in  a  recently  acquired  IBM  370  computer. 
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An  additional  task  recommended  for  an  improved  computer  program 
is  the  modeling  of  spurious  radition  from  the  feed  lines  as  part  of  aperture 
excitation.  This  would  provide  data  for  predicting  and  controlling  of  spurious 
sidelobes 


High  Power  Transistor  Technology 

The  proposed  1  Kw  is  based  upon  transistor  performance  that  is  currently  not  avail¬ 
able  in  production  quantities.  The  transistor  performance  required  is  summarized 


below. 

Driver  Stage 

Power  Stage 

POUT 

17.4  watt 

3. 2  watt 

Gain 

7.5  dB 

8.4  dB 

Efficiency 

35$, 

35% 

VDS 

20  volts 

20  volts 

These  specifications  are  not  too  far  from  the  results  recently  reported  at  the  1979 
International  Microwave  Symposium  by  K.  Honjo,  etal  of  Nippon  Electric  Co.  They 
reported  on  an  internally  matched  GaAsFET  capable  of  12.  6  watts  output  power  with 
5  dB  gain  (6.  5  dB  small  signal)  and  30$  power  added  efficiency  at  6  GHz.  Continued 
progress  in  high  power  GaAsFET’ s  is  certainly  forthcoming  as  the  material  pro¬ 
cessing,  device  characteristics  and  matching  techniques  improve.  Section  in  B 
will  detail  the  required  device  parameters  for  the  proposed  1  Kw  system. 

Substrate  Material  for  Microwave  Integrated  Circuits 

The  substrate  material  used  in  the  scale  model  Basic  Power  Modules  is  Alumina. 
For  a  1  kw  system,  the  much  larger  number  of  substrates  required  150/system) 
would  certainly  justify  an  investigation  to  identify  lower  cost  alternate  materials. 
Several  high  dielectric  materials  (Er  -  10)  are  presently  being  manufactured  which 
offer  significant  cost  savings  over  alumina.  An  evaluation  similar  to  the  one  con¬ 
ducted  with  3M's  Epailam-10  would  have  to  be  performed  to  evaluate  their  useful¬ 
ness  in  the  1  kw  BPM's.  These  materials  (Rogers  Corp  RT/Duroid  6010  and 
Keene  Diclad  810)  appear  to  offer  at  least  a  5:1  cost  advantage  over  Alumina.  These 
materials  can  be  purchased  with  1/3  or  1/4  oz  copper  plating  (instead  of  the  normal 
1  oz)  making  fabrication  of  Lange  couplers  possible.  Any  investigation  of  these 
materials  should  include  etching  very  narrow  line  widths  and  gaps  such  as  would 
be  required  in  a  Lange  coupler. 
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SYSTEM  DESIGN 


1  KW  Phased  Array  Antenna  Amplifier 

The  purpose  of  this  section  is  to  detail  a  system  approach  for  a  1  KW  Phased  Array 
Antenna  Amplifier.  This  system  concept  is  based  upon  the  results  obtained  with  the 
Scale  Model  Phased  Array  system.  For  the  purpose  of  developing  this  system,  the 
following  preliminary  specifications  have  been  assumed. 


Frequency 

4.4  -  5.0  GHz 

RF  Power  Output 

1  KW  (Min) 

Efficiency  DC  -  RF 

20%  (Min) 

AC  -  RF 

15%  (Min) 

Antenna  Gain 

40  dBi 

Sidelobes 

-18  dB 

Beam  width 

1.5° 

ERP 

+100  dBm 

Antenna  Weight 

500  lb.  (max) 

Duplex  Operation 

t  1.5  dB  Receiver  N.  F.  Degradation 

Set-Up  Time 

1  hour 

MTBF 

4000  hours  prior  to  3  dB  loss  in  ERP 

Control  Circuity  and  ? 
Power  Supplies  J 

Weight:  Present  AN/GRC-143  (AM-6090) 

Size:  1  kw  Klystron  HP  A 

The  output  of  this  effort  will  include  a  system  block  diagram,  a  detailed  antenna 
approach  and  the  transistor  performance  required  to  meet  the  system  specifications. 
This  will  include  transistor  output  power,  gain,  efficiency,  and  MTBF  requirements. 

System  Design 

The  development  of  the  system  concept  involved  a  number  of  tradeoff  areas  which 
were  investigated.  In  all  cases,  the  basic  concept  was  that  of  the  Scale  Model  system; 
that  is,  a  control  cabinet  containing  an  IPA  and  an  antenna  mounted  RF  distribution 
network  with  a  number  of  amplifier  modules.  Tradeoff  areas  that  were  investigated 
Included: 
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1. 


Number  of  Antenna  Basic  Power  Modules  (BPM's) 


The  tradeoff  here  is  whether  to  use  many  low  power  amplifier  modules  or  fewer 
high  power  modules.  Favoring  the  low  power  amplifier  approach  are  thermal, 
transistor  capability,  and  system  graceful  degradation  considerations.  The  dis¬ 
advantages  of  this  approach  include  the  additional  complexity,  loss  in  the  RF 
power  distribution  network  and  cost  of  many  BPM's. 

2.  Gain  of  the  Antenna  BPM's 

The  RF  gain  of  the  antenna  mounted  BPM's  must  be  optimized  in  terms  of  its  impact 
on  receiver  noise  figure  degradation  and  on  the  output  power  required  from  the  IPA. 
Low  gain  modules  minimize  the  transmitter  noise  power  presented  to  the  receiver 
but  require  additional  power  from  the  IPA  to  make  up  for  the  low  gain.  Additional 
parameters  such  as  system  efficiency  and  reliability  must  also  be  considered. 

3.  Technique  to  Obtain  Antenna  Taper 

Several  techniques  for  deriving  the  antenna  taper  were  considered.  These  include: 

•  Equal  power  amplifiers  driving  unequal  number  of  dipoles.  This  is  the  method 
used  in  the  Scale  Model  Antenna  but  is  not  considered  feasible  for  a  full  size 
antenna  due  to  cost  and  field  deployment  considerations. 

•  Unequal  power  amplifiers  driving  equal  number  of  dipoles.  This  approach 
greatly  eases  the  antenna  but  requires  solution  to  the  problem  of  controlling 
transmission  phase  of  different  power  transistors  or  even  the  same  transis¬ 
tors  at  different  power  level/biasing  conditions. 

•  Equal  Power  Amplifiers,  some  followed  by  power  dividers.  This  method 
requires  that  the  transmission  phase  of  the  different  power  dividers  be  com¬ 
pensated  for  with  various  lengths  of  transmission  line. 

The  method  selected  is  a  modification  of  the  last  technique  with  all  paths  have 
the  same  number  of  power  dividers  and  hence  the  same  electrical  length. 


♦ 
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The  block  diagram  for  the  1  KW  Phase  Array  Antenna  Amplifier  system  is  shown 
in  Figure  45.  The  system  consists  of  a  Control  Cabinet  containing  an  IPA  module 
which  is  made  up  of  four  BPM's,  a  driver  amplifier  and  all  the  power  supplies 
required  for  the  system.  A  BPF  follows  the  IPA.  The  BPF  is  required  to  reduce 
IPA  noise  power  100  MHz  away  from  the  carrier  frequency. 

A  25  foot  waveguide  run  is  proposed  for  this  system  since  the  limited  flexibility  of 
the  7/8  inch  diameter  Heliax  cable  used  in  the  Scale  Model  does  not  justify  its 
higher  loss  (typically  1  dB).  This  waveguide  run  would  include  enough  flexible 
sections  to  enable  antenna  positioning. 

The  antenna  RF  distribution  network  would  be  realized  in  waveguide,  possibly  dual 
mode,  to  minimize  the  RF  losses  associated  with  the  lengths  of  transmission  line 
required  to  cover  the  full  scale  antenna.  The  amplifiers  are  equal  power  units, 
each  capable  of  30  watts  output  power,  which  are  distributed  within  the  waveguide 
network.  All  power  dividers  shown  would  be  low  loss  waveguide  designs.  The  16 
way  power  divider  shown  consists  of  fifteen  in  phase,  3  dB  hybrids  distributed 
around  the  array.  The  amplifier  block  would  include  a  W/G  to  coax  transition,  a 
short  length  of  coax  cable  (possibly  low  loss  flexible),  the  amplifier  itself  and  for 
some  modules,  a  second  W/G  to  coax  transition  to  get  back  into  the  RF  distributor 
network.  The  antenna  taper  is  achieved  by  driving  the  transmit  baluns  either 
directly  from  a  BPM,  from  a  BPM  followed  by  a  waveguide  3  dB  hybrid  or  from  a 
BPM  followed  by  two  3  dB  hybrids.  This  provides  the  desired  antenna  taper  of 
1:1/2: 1/4  power  ratio.  Note  that  each  path  from  antenna  input  to  transmit  balun 
has  the  same  number  of  3  dB  hybrids.  This  is  accomplished  by  placing  the  var¬ 
ious  BPM's  within  the  RF  distributor  network.  To  avoid  the  situation  of  driving 
amplifiers  at  different  RF  levels,  3  dB  or  6  dB  attenuators  would  be  included  as 
shown  in  the  block  diagram.  The  19  amplifiers  that  directly  drive  baluns  would 
include  a  0  dB  attenuator  with  the  same  phase  characteristics  as  the  3  dB  and  6  dB 
attenuators.  These  attenuators  could  be  either  waveguide  or  coax.  The  loss  of 
system  efficiency  from  these  attenuators  is  minor  considerating  the  advantage  of 
equal  power,  equal  gain  amplifiers  that  is  obtained. 
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ANTENNA 


The  antenna  is  a  3  step  (1:  1/2:  1/4 )  design  which  provides  40  dBi  gain  with  sidelobes 
at  least  20  dB  below  the  main  beam.  Extensive  computer  simulation  was  performed 
to  obtain  this  qua  si -circular  operation  design  which  achieves  high  gain  while  main¬ 
taining  minimum  sidelobes  in  all  directions.  The  antenna  is  dual  polarization  printed 
on  a  single  laminate.  This  represents  a  major  change  from  the  3  laminate  approach 
utilized  on  the  Scale  Model  and  would  require  development  but  offers  significant 
weight,  set-up  time  as  well  as  probable  electrical  advantages.  These  are  discussed 
in  more  detail  in  the  antenna  section.  The  antenna  consists  of  61  sections  (sub¬ 
arrays)  each  with  a  transmit  and  receive  balun  which  interfaces  with  the  transmit 
and  receive  RF  distribution  network.  The  receive  network  would  be  identical  to  the 
transmit  with  the  taper  being  obtained  with  0,  3,  and  6  dB  attenuators  but 
the  amplifier  modules.  Dual  modes  waveguide  would  be  seriously  considered  so 
that  a  single  distribution  network  would  provide  both  transmit  and  receive  functions. 
Several  problems  such  as  the  realization  of  dual  mode  power  dividers  would  have  to 
be  resolved  before  this  approach  could  be  implemented.  Alternatives  such  as  reduced 
height  waveguides  are  possible  work-arounds  and  are  discussed  in  more  detail  in  the 
section  on  antenna  tradeoffs.  Figure  46  illustrates  the  concept  proposed  for  the 
antenna.  The  antenna  consists  of  three  "rings"  corresponding  to  the  3  step  taper. 

The  inner  consists  of  19  antenna  sub-arrays  each  with  a  balun  directly  driven  by  a 
BPM.  The  center  "ring"  consists  of  18  subarrays  driven  from  9  BPM's  followed  by 
a  3  dB  hybrids  providing  the  power  taper  factor  of  1/2.  The  outer  "ring"  consists 
of  24  sub-arrays  driven  from  6  BPM's  followed  by  2  -  3  dB  hybrids  providing  the 
power  taper  factor  of  1/4.  The  layout  shows  approximate  amplifier  placement 
along  with  the  RF  routing  required  to  achieve  equal  line  lengths  for  all  baluns  phasing. 

Graceful  Degradation  -  Using  a  loss  of  3  dB  in  ERP  as  the  definition  for  a  system 
failure,  the  number  of  BPM's  that  could  fail  without  loosing  3  dB  in  EFP  was  inves¬ 
tigated.  Contributions  from  both  loss  of  power  and  antenna  gain  were  evaluated  as 
a  function  of  amplifier  failure  and  amplifier  position  within  the  array.  Three  types 
of  amplifiers  exist,  labeled  A,  B,  or  C,  which  drive  either  1,  2,  or  4  transmit 
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baluns  according  to  the  3  step  taper.  The  system  has  19  'A',  9  'B',  and  6  'C'  amplifier 
modules  for  a  total  of  34  antenna  mounted  BPM's.  The  loss  of  RF  power  is  given  by: 

where  F  =  #  of  failures 

and  is  independent  of  amplifier  position.  The  loss  of  antenna  gain  is  a  function  of  the 
amplifier  position  since  a  failure  of  a  'C'  modules  removes  drive  from  4  antenna  sub¬ 
arrays  while  an  'A'  failure  effects  only  1  sub-array.  The  loss  in  ERP  is  the  sum  of 
both  the  loss  of  antenna  gain  and  loss  of  RF  power.  Analysis  of  ERP  as  a  function  of 
amplifier  failure  has  indicated  that  nine  failures  distributed  around  the  array  (3  'A', 

3  'B',  and  3  'C'  amplifiers)  results  in  3. 13  dB  loss  in  ERP  and  is  thus  taken  as  the 
criteria  for  a  system  failure.  For  any  number  of  amplifier  failures,  the  largest 
loss  in  ERP  is  always  associated  with  the  most  'C'  module  failures.  Take  for  ex¬ 
ample  the  case  of  six  amplifier  failures.  If  all  six  failures  are  in  the  outer  region 
(an  unlikely  distribution),  a  loss  in  ERP  of  2.79  dB  will  result.  If  all  failures  are 
in  the  center  portion  of  the  array,  the  loss  in  ERP  is  only  1.  28  dB.  The  average 
loss  in  ERP  for  all  combinations  of  A,  B,  and  C  modules  for  any  number  of  failures 
is  listed  below  for  up  to  10  failures. 

Total  Number  of  Failures  Avg.  Loss  in  ERP 


P  =  10  log  f  1 


( 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 


.  30  dB 
.61  dB 
.93  dB 
1.26  dB 
1.61  dB 
1.97  dB 
2.  32  dB 
2.67  dB 
3. 02  dB 
3. 38  dB 


Nine  failures  represents  the  first  case  where  the  average  loss  in  ERP  exceeds  3  dB. 
This  topic  is  discussed  in  more  detail  in  the  Reliability  section  and  includes  a 
detailed  tabulation  of  this  analysis. 
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Additionally,  with  the  graceful  degradation  feature  and  continuous  display  of  BPM 
status,  a  very  significant  advantage  of  this  system  exists  when  a  preventive  main- 
te  nance  schedule  is  added  to  the  operator's  on-site  activities. 

This  maintenance  schedule  would  allow  an  operator  to  replace  BPM  prior  to  the  loss 
of  nine  units.  This  would  significantly  extend  the  MTBF  of  the  system  by  viture  of 
BPM  redundancy. 

Duplex  Operation  -  To  assure  that  the  1  KW  Phased  Array  Antenna  Amplifier  does 
not  significantly  degrade  the  duplex  operation  of  the  AN/GRC-143  receiver,  noise 
power  contributed  by  the  Phased  Array  transmitter  must  be  limited.  The  mechan¬ 
ism  of  this  noise  contributor  is  through  coupling  between  the  transmit  and  receive 
array  polarizations. 

As  in  the  Scale  Model  system,  there  are  several  sources  of  noise  power  contri¬ 
butions  which  must  be  investigated:  the  AN/GRC-143  transmitter,  the  Driver 
Amplifier,  the  IPA,  and  the  antenna  mounted  BPM's.  To  reduce  the  noise  con¬ 
tribution  of  the  first  three  sources,  a  tunable  bandpass  filter  with  50  dB  rejection 
at  fQ  t  100  MHz  follows  the  IPA.  The  major  source  of  noise  would  then  be  the 
antenna  mounted  BPM's  because  their  noise  is  reduced  only  by  the  transmit  to 
receive  polarization  isolation. 

A  typical  noise  contribution  analysis  is  shown  in  Figure  47  for  the  case  of  50  dB 
filter  rejection,  15  dB  BPM  gain  and  antenna  isolations  between  28  and  34  dB. 

Based  upx>n  the  Scale  Model  results,  the  noise  output  from  a  BPM  is  assumed  to 
be  -145  dBm/Hz.  At  this  point,  the  receiver  noise  figure  degradation  is  approxi¬ 
mately  0.9  dB,  the  same  value  budgeted  for  the  Scale  Model  System.  Note  that 
10  dB  more  rejection  is  required  from  the  bandpass  filter  then  in  the  Scale 
Model  system  to  account  for  the  additional  gain  of  the  1  KW  system.  A  filter 
with  these  characteristics  is  currently  used  in  the  AN/GRC-143  system. 
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System  Efficiency  -  The  budgeted  system  efficiency  is  24%  (DC  -  RF)  assuming 
transistor  power  added  efficiency  of  35%;.  Both  DC  to  RF  and  AC  to  RF  efficiencies 
were  investigated  as  a  function  of  transistor  efficiency  as  tabulated  below.  An 
AC  -  DC  efficiency  of  70%  was  assumed  for  the  power  supplies. 

p 

Transistor  DC  System  Efficiency 

Efficiency _ BPM _ DC-RF  AC-RF 


35% 

110  w 

24% 

16.8% 

34% 

113.6  W 

23.  2% 

16.3% 

30% 

129.7  W 

20. 4% 

14.2% 

The  last  case,  14.2%  system  efficiency,  requires  7  KW  of  AC  power  which  is 
approximately  the  same  required  by  present  AN/GRC-143  AM-6090  HPA  and 
probably  represents  the  minimum  system  efficiency  to  make  the  system  a  viable 
alternative.  Since  transistors  with  30%  power  added  efficiency  are  presently 
available,  this  is  not  considered  to  be  a  risk  area. 
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AMPLIFIER  DESIGN  (BPM)  -  TRANSISTOR  CHARACTERISTICS 


The  design  for  the  Basic  Power  Mockile  would  be  very  similar  to  the  concepts  de¬ 
veloped  for  the  Scale  Model  amplifier  modules.  An  input  quadrature  hybrid  splits 
the  RF  input  power  to  drive  a  pair  of  cascaded  GaAsFET  amplifiers.  The  output 
is  combined  in  a  second  quadrature  hybrid  before  being  fed  to  an  low  loss  output 
isolator.  An  output  detector  similar  to  the  one  used  for  the  Scale  Model  amplifiers 
is  included  to  monitor  output  power  and  provide  a  signal  for  the  BITE/System  De¬ 
gradation  circuitry.  A  block  diagram  of  the  BPM  is  shown  in  Figure  48  detailing 
gain  distribution  and  power  consumption.  The  gain  has  been  kept  at  approximately 
15  dB  to  minimize  the  receiver  noise  figure  degradation  due  to  transmitter  noise 
power. 

The  construction  of  the  BPM  would  also  be  similar  to  that  of  the  Scale  Model 
amplifiers,  i.  e. ,  microstrip  for  the  RF  circuitry  and  Printed  Wiring  Board  for 
the  negative  voltage  regulator.  The  output  isolator  would  be  a  commercially 
available  low  loss  stripline  unit  (loss  CO. 2  dB).  The  amplifiers  would  be  mounted 
on  individual  heat  sinks  machined  to  provide  the  walls  and  bottom  of  the  amplifier 
chassis.  This  would  reduce  the  thermal  resistance  by  directly  mounting  the  trans¬ 
istors  to  the  heat  sink. 

Although  alumina  was  used  for  the  substrate  material  in  the  Scale  Model  ampli¬ 
fiers,  the  choice  for  the  1  KW  system  would  depend  upon  the  evaluation  of  several 
new,  low  cost  alumina  replacements.  These  materials,  versions  of  which  are 
sold  by  both  Rogers  Corp.  (Model  6010)  and  Keene  Corp.  (Diclad  810)  are  similar 
to  the  Epsilam-10  material  evaluated  under  the  initial  phases  of  the  Scale  Model 
contract.  They  offer  tighter  control  on  the  material  de-electric  constant  and  less 
water  absorption  and  an  evaluation  similar  to  that  performed  on  Epsilam-10  would 
be  required.  These  materials  also  can  be  obtained  with  1/4  oz.  copper  plating 
making  fabrication  of  Lange  couplers  possible.  Of  course,  the  copper  would  have 
to  be  gold  plated  and  this  factor  would  have  to  be  considered  in  any  cost  tradeoffs 
against  alumina. 
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In  summary,  the  key  design  features  of  the  proposed  1  KW  Phased  Array  Antenna 
Amplifier  are  as  follows: 

•  1  KW  RF  power  obtained  from  34  equal  power  (30.2  watts)  equal  gain  (15  dB) 
BPM's. 

•  3  Step  Antenna  taper  obtained  by  placing  BPM’s  within  a  low  loss  waveguide 
PF  distribution  network. 

•  Single  Laminate  Antenna  providing  40  dBi  gain  and  20  dB  sidelobes  for  both 
transmit  and  receive  polarizations. 

•  A  100  watt  IPA  consisting  of  4  BPM's  (identical  to  the  antenna  mounted  BPM's). 

Since  this  design  is  based  upon  transistors  that  are  not  currently  available,  a  major 
output  of  this  effort  is  the  required  transistor  performance  to  make  such  a  system 


feasible.  These  performance  specifications  are: 

Output  Stage  Device 

Driver  Stage  Device 

Frequency 

4.4  -  5.0  GHz 

4.4  -  5.0  GHz 

Power  Output 

f42. 4  dBm  (17.4  watts) 

+35  dBm  (3.  2  watts) 

Gain 

7.5  dB 

8.4  dB 

Efficiency  (Power  Added) 

35% 

35% 

Voltage  (operating) 

20  volts 

20  volts 

Failure  Rate  (Reliability) A 

5.  34  x  10  6  Failures/Hour 

Cost  ^  (1000  pc) 

$171 

$57 

These  performance  requirements,  although  not  currently  available,  are  not  too  far 
from  the  results  being  obtained  in  research  laboratories.  Power  outputs  of  15  watts 
with  30%  power  added  efficiency  have  recently  been  reported  and  work  on  power 
GaAsFET's  is  actively  being  pursuded  in  many  laboratories.  FIJUTSU,  NEC,  MSC, 
Raytheon,  and  TI  among  others  are  developing  higher  power  GaAsFET  devices. 


^  See  Appropriate  Section  for  Backup 
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ANTENNA  DESIGN 


Antenna  Analysis:  The  critical  factors  to  be  analyzed  in  formulating  an  antenna 
design  are: 

•  Effect  of  geometry  on  electrical /mechanical  performance 

•  Effect  of  the  number  of  sub-arrays  (independent  accesses)  on  aperture  tapering, 
polarization,  packaging,  feed  systems,  loss,  and  the  number  of  amplifiers. 

•  Effect  of  various  taper  schemes  on  electrical  performance,  feed  systems,  and 
amplifiers. 

Geometry:  The  basic  trade-off  is  square  versus  qua  si -circular  aperture  shape. 

The  square  geometry  has  mechanical  advantages,  due  to  its  X-Y  axis  symmetries, 
in  packagingand  feeding  sub-arrays.  However,  the  electrical  performance  in  gain 
and  sidelobes  is  disadvantageous^  affected  by  the  large  difference  between  the 
minimum  and  maximum  distances  from  army  center  to  edge.  That  difference  makes 
it  particularly  difficult  to  devise  a  taper  scheme  which  achieves  near  equal  sidelobes 
in  all  directions;  the  significance  of  large  inequalities  in  sidelobes  is  a  reduction  in 
possible  gain  for  a  given  aperture  side.  This  was  borne  out  by  work  done  on  the 
scale  model  which  showed  through  CAD  analysis  (Page  115)  that  the  quasi-circular 
aperture  attained  higher  gain  and  better  sidelobe  performance  than  equal  area  square 
apertures  of  either  the  same  or  greater  aperture  steps.  In  addition,  the  measured 
results  of  the  actual  antenna  (one  step  taper)  showed  a  difference  of  10  dB  between 
the  sidelobe  levels  in  the  cardinal  (minimum  edge  distance)  and  intercardinal  (maxi¬ 
mum  edge  distance)  patterns.  The  quasi-circular  aperture  has  mechanical  disad¬ 
vantages  due  to  possible  complexities  in  packaging  and  feed  arrangements.  However, 
providing  reasonable  mechanical  arrangements  are  possible,  as  is  the  case,  the 
electrical  advantages  out  weigh  the  disadvantages.  Thus,  the  quasi-circular  is  the 
choice.  One  remaining  consideration  -  how  best  to  approximate  a  circle  with  square 
sub-arrays  is  discussed  in  the  taper-CAD  section  below. 

Sub-arrays:  The  numerous  factors,  mentioned  above,  affected  by  the  sub-array 
size  generally  involve  a  trade-off  of  complexity  versus  electrical  performance,  i.  e. , 
the  smaller  the  sub-array  the  more  complex  the  antenna  and  the  better  the  electrical 
performance.  For  example,  small  sub-arrays  allow  greater  flexibility  in  choice  of 


taper  steps;  or  smaller  sub-arrays  have  reduced  feed  line  lengths  in  the  lossy 
printed  media  and  therefore  lower  overall  losses.  However,  complexity  is  a 
formidable  consideration  for  such  a  large  structure.  The  final  choice  was  a  4  x  8 
dipole  sub-array  consisting  of  a  balun  input,  an  equal  way  corporate  feed,  and  32 
dipoles  of  one  polarization.  Generally,  these  are  used  in  pairs  to  form  8x8  sub¬ 
arrays  uniformly  illuminated.  The  considerations  that  led  to  this  choice  are,  in 
order  of  importance; 

1)  4  x  8  is  the  largest  sub-array  which  allow  dual  polarizations  on  a  single 
laminate  discussed  fully  below,  with  binary  type  corporate  feed. 

2)  Considered  in  pairs,  the  aperture  can  be  filled  with  61  of  8  x  8  sub-arrays 
which  is  sufficiently  close  to  a  64  way  external  feed  system  to  be  compatible; 
it  is  highly  desireable  that  a  binary  type  corporate  feed  be  used. 

3)  A  sufficient  variety  of  tapers  is  possible  with  61  sub-arrays. 

4)  Neither  an  excessive  number  of  amplifiers,  nor  excessive  powers  (projected 
technology)  result  from  the  61  sub  -array  choice. 

5)  lleasonable  losses  result  in  the  printed  corporate  feed. 

Aperture  Taper:  To  achieve  18  dB  sidelobe  performance  a  power  taper  is  required 
from  aperture  center  to  edge.  It  is  to  be  applied  on  a  sub-array  basis  such  that  it 
must  be  developed  in  the  external  corporate  feed,  thus  each  sub-array  internally  is 
uniform,  and  the  power  varies  in  steps  between  sub-arrays.  An  additional  con¬ 
straint  arises  from  the  use  of  a  binary  corporate  feed  in  conjunction  with  all  equal 
power  amplifiers,  power  steps  must  be  from  division  by  2,  i.  e. ,  1,  1/2,  1/4,  1/8, 
etc.  To  determine  the  resulting  sidelobe  and  gain  performance  a  CAD  program 
was  used,  as  for  the  scale  model  design.  From  the  scale  model  results  which 
showed  circular  apertures  to  have  superior  performance,  only  quasi-circular 
apertures  were  evaluated;  within  this  choice  two  variations  were  evaluated  in  the 
location  of  the  61  sub-arrays  which  filled  the  nominal  circle  differently.  Each  of 
the  geometries  was  evaluated  for  various  tapers  and  the  results  are  tabulated 
below  with  the  final  choice  a  3  step  taper  -  l;l/2:l/4  in  power.  Also  included  is 
a  test  case  of  uniform  illumination  as  a  check  on  the  program  adaption  to  the  larger 
array;  as  expected  for  a  circular  aperture  the  1st  sidelobe  levels  are  17  to  17.  5  dB. 
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Table  of  CAP  Aperture  Taper  Evaluation  -  1  kw  Antenna 


Geometry 

Taper 

Gain 

Sidelobes 

issa _ 

(Power  Ratio) 

(dB) 

(dB) 

I  (Test  Case) 

Uniform 

43.1 

17  -  17.5 

I 

l:l/4;l/4 

41.19 

16  -  17 

I 

l:l/2:l/4 

41.68 

17  -  17.5 

I 

l:l/2:l/8 

41.12 

17  -  18 

II 

l:l/2;l/8 

40.77 

17  -  18 

III 

Uniform 

42.94 

17  -  17.5 

III  (Final) 

l:l/2:l/4 

41.43 

20 

Ref:  1=61  sub-arrays  with  row  counts:  5-6-7-8-9-S-7-6-5 
II  =  57  sub  arrays  with  row  counts:  3-6-7-S-9-8-7-6-3 
III  =  61  sub  arrays  with  row  counts:  3-6-8-9-9-9-8-G-3 

The  indicated  choice  provides  20  dB  sidelobes  minimum;  this  provides  margin  over 
the  18  dB  requirement.  This  margin  was  indicated  by  the  scale  model  test  results 
which  showed  2  dB  degradation  effects  between  the  calculated  and  measured  side- 
lobes.  Note  that  lower  sidelobe  levels  than  20  dB  can  be  attained  but  at  the  cost  of 
gain. 

The  final  taper  choice  will  be  identical  for  both  transmit  and  receive.  I-'igure  49  &  50 
shows  a  printout  of  the  final  computed  array  pattern. 

2.  Single  Laminate  Dual  Polarized  Techniques:  A  major  change  in  the  method  of 

attaining  dual  polarization  is  proposed  for  the  1  KW  antenna.  Whereas  the  scale 
model  used  3  separate  aperture  size  laminates  and  associated  foam  spacers 
arranged  in  superposition,  the  1  KW  arrangement  requires  only  a  single  laminate 
spaced  above  a  ground  plane.  The  approach  was  not  conceptually  evolved  for  the 
scale  model  and  was  considered  a  risk  approach.  The  concept  is  now  evolved  and 
the  considerable  reduction  in  antenna  complexity,  cost,  and  weight  mandate  its 
use.  For  example,  the  weight  of  a  laminate  for  the  scale  model  was  approximately 
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10  lbs,  or  for  3  laminates  30  lbs.  Considering  that  8  similar  sized  modules  would  be 
required  for  the  1  KW  antenna,  a  difference  of  160  lbs  results  without  the  addition  of 
stiffening  or  support  weight.  Cost  considerations  show  a  similar  savings  ratio. 

The  concept  uses  crossed  dipoles  on  a  common  center,  a  well  known  technique,  with 
a  novel  arrangement  which  interlaces  2  corporate  feeds,  one  for  each  dipole  polari¬ 
zation.  The  interlaced  feeds  have  no  crossovers  and  require  no  new  components  or 
techniques  above  those  used  on  the  scale  model.  Figure  51  shows  a  schematic 
arrangement  of  the  configuration.  The  generative  condition  permitting  this  arrange¬ 
ment  is  the  use  and  size  of  the  sub-arrays.  The  use  being  inherent  in  at  least  one 
polarization  to  provide  multiple  access  for  spatial  combining  of  power,  and  conven¬ 
ient  in  the  other  polarization  for  implementing  the  aperture  taper  on  receive.  The 
size  (number  of  dipoles)  is  limited  by  the  number  of  feed  lines  that  can  be  packaged 
between  dipole  columns  and  rows. 

In  consideration  of  the  electrical  performance,  the  use  of  a  single  laminate  will 
provide  reduced  loss  (0. 5  to  1.  5  dB  in  scale  model)  and  better  VSWF  for  the 
receive  array,  formerly  the  bottom  (buried)  array,  due  to  scattering  and  absorp¬ 
tion  of  the  other  super  imposed  laminates.  The  transmit  performance  should  be 
at  least  equal  and  perhaps  slightly  improved  because  of  a  solid  ground  plane.  The 
major  question  in  performance  is  transmit  to  receive  isolation;  an  improvement 
is  expected  for  the  following  reasons: 

1.  Superior  quadrature  dipole  alignment  as  controlled  by  printed  circuit  tech¬ 
niques  rather  than  mechanical  means,  including  environmental  effects.  This 
alignment  affects  the  direct  coupling  between  crossed  dipoles  due  to  vectorial 
resolution.  For  example,  a  1°  mis-alignment  results  is  -35  dB  coupling 
(isolation).  I  =-20  LOG  (SIN^.^^  angular  difference  from  true  quadrature  (90°). 

2.  Corporate  feed  lines  of  the  different  polarizations  are  not  contiquous  and 
occupy  adjacent  columns  or  rows,  thus  providing  no  direct  coupling  mechan¬ 
isms. 

3.  Coupling  due  to  scattered  waves  are  considerably  reduced  by  elimination  of 

the  two  upper  laminates,  support  structures  and  long  balun  extensions  formerly 
required  to  drive  the  top  array. 
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Antenna  Concept  and  Layout:  The  antenna  concept  comprises  an  aperture  composed 
of  61  sub-arrays  fed  from  a  64  way  corporate  feed:  both  physically  common  to  each 
polarization;  though  electrically  isolated.  Unused  parts  of  the  feed  are  terminated. 
Thirty  four  amplifiers  are  located  at  strategic  points  in  the  transmit  part  of  the  cor¬ 
porate  feed  to  provide  a  stepped  power  taper  of  ratio  l:l/2:l/4  from  center  to  edge 
aperture  sub-arrays.  The  receive  array  achieves  an  identical  taper  by  location  of  a 
set  of  attenuators,  matched  in  impedance  and  phase,  of  attenuation  ratio  0:3:6  dB. 
The  attenuators  can  either  be  located  within  the  corporate  feed  at  locations  compar¬ 
able  to  the  amplifiers,  or  at  the  output  of  each  sub-array.  Figure  52  shows  a 
pictorial  layout  of  the  aperture  and  corporate  feed,  and  indicates  the  power  distri¬ 
bution  across  the  aperture  and  the  location  of  amplifiers,  or  attenuators,  within 
the  corporate  feed  needed  to  effect  that  taper. 

Corporate  Feed:  The  corporate  feed  system  consists  of  two  64  way  dividers:  one 
each  for  transmit  and  receive.  The  basic  trade-off  in  selecting  among  candidate 
systems  is  loss  versus  weight  and  complexity  for  the  receive  divider.  The  trans¬ 
mit  array  is  not  as  critical  in  loss  due  to  location  of  amplifiers  at  the  outputs. 

The  alternative  media  for  the  feed  are:  coaxial  transmission  lines  with  stripline 
2  way  dividers,  and  rectangular  waveguide  lines  and  dividers.  Each  type  provides 
some  range  in  sizes  which,  again,  allows  a  weight/loss  tradeoff.  Consider  the 
receive  array:  if  the  aperture  attains  a  2  to  3  dP  efficiency  (63?  to  50°/),  an 
additional  loss  in  the  corporate  feed  of  1  dP  results  in  an  overall  antenna  efficiency 
of  50?  to  40?,  and  a  2  dP  feed  loss  results  in  40?  to  30?  efficiency.  Typical 
reflector  antenna  achieves  65%,  therefore,  feed  losses  of  1  dB  or  more  are  un¬ 
acceptable.  Using  a  rule  of  thumb  in  lieu  of  an  exact  layout,  the  total  length  of 
all  lines  in  a  binary  type  corporate  feed  is  approximately  equal  to  ten  antenna 
diameters:  100  ft  here.  A  single  path  length  for  loss  is  one  diameter:  10  ft. 

A  .  250  inch  diameter  teflon  filled  coax  and  associated  dividers  is  compared  with 
aluminum  waveguide  of  either  2x1  inch  or  2  x  9/16  (half  height)  cross-section 
and  .  064  inch  walls  below. 
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Coax  Vs. 

Waveguide  64:1  Corporate  Feed 

Item 

. 250  Coax 

2  x  1  WG 

2  x  9/16  WG 

Loss/100  ft  (5  GHz) 

16.  5  dP 

Standard  WG 

2  dB 

Half  Height 

2.4  dB 

Weight/100  ft 

10  lbs 

45  lbs 

38  lbs 

Corporate  Feed; 

Line  Loss:  input  to 
any  output,  10  ft 

1.65  dB 

0.2  dP 

0. 24  dP 

Divider  Loss:  6  per 
path 

1.5  dP 
(.  25  dB  ea) 

0.3  dP 
( .  05  dB  ea) 

0.3  dB 
(.05  dB  ea) 

Total  Loss 

3. 15  dP 

0.  5  dP 

0.  54  dP 

Total  Line  Wgt;  100  ft 

10  lbs 

45  lbs 

38  lbs 

Total  Divider  Wgt: 

63  -2  way  units 

7.88  lbs 
(2  oz.  ea) 

None  -  Integral  to  guide 

Total  Wgt 

17.  88  lbs 

45  lbs 

38  lbs 

Although  both  weights  are  understated  due  to  non-inclusion  of  connector  and  flange 
weight,  the  tabulation  clearly  shows  that  2  to  2.  5:1  weight  advantage  of  coax  is  at  a 
6d  penalty  in  loss  versus  waveguide.  More  over,  beside  the  loss  ratio,  the  absolute 
loss  of  coax  is  unacceptable  for  its  effect  on  receive  efficiency.  Lower  loss  coax  can 
result  in  lialving  the  loss  with  some  increase  in  weight,  i.  e. ,  1/2  inch  foam  heliax: 

9  dB/100  ft,  18  lbs/100  ft.  Even  thus,  a  total  loss  of  1.6  dB  is  still  unacceptable  for 
the  receive  antenna. 

The  transmit  feed  could  be  coaxial  because  of  the  compensation  of  loss  in  the  ampli¬ 
fiers;  however,  given  the  commitment  to  a  receive  waveguide  feed  it  becomes  con¬ 
venient  to  use  waveguide  for  transmit.  Several  alternatives  are  shown  in  Figure 
53  which  "marry"  the  transmit  and  receive  feeds  in  a  structual  unit  to  reduce 
weight  and  refine  the  packaging  and  reduce  rear  antenna  complexity.  The  square 
tube  structure  acts  as  a  dual  polarized  waveguide  which  simultaneously  carries 
both  transmit  and  receive  signals  with  isolations  of  35  to  40  dB  typically  achieved. 
The  risk  area  in  this  approach  is  the,  as  yet  undemonstrated,  availability  of  a  dual 
mode  2  way  power  divider.  The  dual  mode  feed  would  weigh  60  lbs,  calculated  as 
in  the  above  table;  this  should  be  compared  to  2  times  the  tabulated  coax  weight,  or 
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38  lbs,  to  account  for  both  transmit  and  receive.  The  second  waveguide  scheme 
ures  two  half  height  guides  one  above  the  other  on  the  broad  wall  and  with  a  single 
thickness  common  wall.  This  weighs  in  at  63  lbs  for  comparison.  The  principal 
advantages  of  this  arrangement  are:  total  isolation  between  transmit  and  receive, 
standard  2-way  divider  designs. 

Input/output  requirements  either  at  the  1  and  64  ports  or  the  amplifier  locations 
will  use  the  coax  lo  waveguide  probe  and  back  cavity  shorting  wall,  as  in  standard 
designs.  The  physical  interface  of  the  feed  with  the  antenna  could  either  be  as  a 
one  piece,  60  -  70  lb  structure,  or  as  a  sectionalized  assembly  patterned  to  the 
aperture  sections.  The  single  piece  approach  is  attractive  only  if  the  waveguide 
can  be  used  as  a  stiffening  member  for  the  antenna.  The  sectionalized  approach 
allows  the  feed  weight  to  be  distributed  by  integration  of  the  feed  sections  with 
the  aperture  sections.  This  is  particularly  easy  in  waveguide  since  feed  lines 
crossing  section  boundries  can  be  severed  and  the  opennings  flanged  without  re¬ 
gard  to  their  feed  location.  Such  additional  interfaces  in  waveguide  introduce  no 
appreciable  electrical  degradation. 

Waveguide  as  an  entity  in  itself,  and  especially  as  compared  to  coax,  is  highly 
reproducible  and  at  C-Eand  phase  and  amplitude  errors  will  be  well  within  the 
budgeted  errors  used  in  the  CAD  analysis  of  the  scale  model  antenna:  ±20°  and 
t  0.  3  dB.  Experience  in  construction  of  coaxial  cables  for  the  scale  model  showed 
errors  of  up  to  14°  for  cables  between  .  5  to  2  feet.  In  coax  this  could  be  the  result 
of  a  7  mil  error  in  length;  the  comparable  waveguide  error  would  require  approxi¬ 
mately  a  14  mil  length  error  which  is  considered  a  loose  tolerance  for  waveguide 
construction.  Similarly,  the  other  parameters  of  loss  and  VSWH  show  low  ranges 
of  variation  in  waveguide  so  that  the  cumulative  errors  of  the  64  way  feed  will  not 
exceed  the  20°/  .3  dB  criteria. 

5.  Array  Sectional! zation;  Sectionalization  of  the  aperture  is  the  physical  configuration 
of  the  parts  necessary  to  assemble  the  required  78  square  foot  aperture.  The  size 
and  shape  of  the  sections  are  determined  by  the  following  factors: 
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•  Maximum  size  it,  limited  by  the  available  substrate  (laminate)  material: 

3  ft  x  4  ft. 

•  Maximum  size  is  limited  by  weight,  handling  and  storage  needs  associated 
with  field  assembly. 

•  Shape  must  be  based  on  integral  numbers  of  sub-array  areas  in  order  to 
preserve  the  integrity  of  the  printed  patterns. 

•  A  minimum  number  of  sections  is  required  to  reduce  assembly  labor  and 
time,  consistent  with  the  above  restrictions. 

•  Sections  must  inter-lock  to  produce  a  continuous  aperture. 

•  A  minimum  number  of  different  shape  sections  is  desireable  to  reduce  the 
number  of  artworks  required  and  provide  commonality. 

•  Structural  Rigidity,  Expansion/Contraction  will  be  greatly  influenced  by  the 
required  environment. 
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ni-D  Mechanical  Design  (Figure  54) 


The  1  KW  phase  array  mechanical  design  would  be  constructed  in  a  modular  feshion, 
which  can  be  disassembled  for  transit  and  storage.  It  would  consist  of  a  four  quad¬ 
rant  antenna,  a  structural  antenna  support  and  the  sectional  1083  antenna  mast  used 
with  the  AN/TRA-37  10  ft.  parabolic  dish, standard  army  tactical  tropo  antenna. 

Antenna  Quadrants  (Figure  55  6  56) 

Each  antenna  quadrant  consists  of  a  radome,  antenna  array,  dielectric  foam,  pro¬ 
tective  shield,  honeycomb  support  structure  (ground  plane),  amplifiers,  waveguide 
network,  and  an  edge  support/sealing  containing  ring.  The  four  quadrants  are  held 
together  by  a  combination  of  latches  located  on  the  periphery  of  the  antenna  and 
structural  pins  at  each  interface  to  assure  alignment  of  the  quadrants.  Captive 
quick  disconnect  waveguide  clamps  (a  single  transmit/ receive  connection  at  each 
quadrant)  are  provided  to  detach  the  wave  guide  network.  No  loose  hardware  is 
requi red. 

The  honeycomb  will  be  furnished  with  inserts  so  that  the  amplifiers  can  be  fastened 
to  the  surface  as  in  the  scale  model  phased  array  unit. 

All  connections  between  the  wave  guide  network  and  the  antenna  will  be  made  using 
short  lengths  of  semirigid  coaxial  cable,  thus  no  problem  is  anticipated  with  align¬ 
ment  and/or  differential  expansion  between  the  antenna  and  the  waveguide  network 
due  to  temperature  changes. 

Antenna  Support  Structure 

The  antenna  support  structure  will  be  designed  to  support  the  array  in  the  environ¬ 
ment  and  to  transfer  the  loads  to  the  support  mast  with  minimum  RF  beam  deflection. 
It  will  be  mounted  onto  the  antenna  at  the  eight  structural  tie  points  provided  on  the 
quadrants.  The  design  will  permit  the  antenna  structure  to  stow  within  reasonable 
dimensions  due  to  the  use  of  field  separable  quadrants. 
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Antenna  Yoke  and  the  1083  Mast 


The  antenna  yoke  will  be  similar  to  the  one  used  on  AN/TRA-37  but  will  be  made 
adaptable  to  the  antenna  support  structure  design.  The  1083  mast  would  be  used 
to  support  the  antenna  without  redesign,  since  the  weight  difference  can  readily 
be  accommodated  by  the  1083  mast  structure. 

Thermal  Considerations 

The  34  amplifiers  used  on  the  phase  array  would  dissipate  3400  watts  total  or 
100  watts  per  amplifier.  Cooling  would  be  provided  by  mounting  the  amplifier 
components  directly  to  high  efficiency  heat  sinks.  Orientation  of  the  iieat  sinks 
would  be  vertical  to  maximize  the  efficiency  of  heat  transfer. 

Weight  Considerations 

The  estimated  weight  of  the  1  KW  antenna  is  525  lbs  as  shown  in  Figure  57. 
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Phase  Array  Weight  Breakdown 


FIGURE  57 


Ill  E. 


Reliability  Analysis 


I.  Background 

During  the  initial  phase  of  this  program’s  development,  a  reliability  model  was 
established  to  predict  a  militarized  (scale  model)  systems'  Mean  Time  Between 
Failures  (MTBF).  This  model  was  based  upon  12  Antenna  Mounted  Basic  Power 
Modules  (BPM).  As  described  in  Parti  System  Section,  the  lack  of  progress  in  the 
Bipolar  Transistor  area  dictated  a  change  (reduction)  in  scope  for  the  scale  model 
system  as  delivered.  However,  the  failure  rate  analysis  for  the  original  scale  model 
system  provides  important  information  from  which  to  generate  a  reliability  model 
for  the  1  kw  system. 

Following  is  a  summary  of  the  failure  definition  for  this  configuration: 

The  definition  of  a  system  failure  is  a  3  dB  drop  in  antenna  amplifier  ERP.  Before 
the  system  MTBF  can  be  computed,  the  number  of  antenna  matrix  Basic  Power 
Module  failures  that  result  in  a  3  dB  drop  in  ERP  must  be  determined.  To  do  this, 
both  the  loss  of  power  and  the  loss  of  antenna  gain  due  to  loss  of  dipoles  and  beam 
squinting  must  be  computed.  The  first  component  (power)  is  straightforward  and  is 

No.  of  failures! 

12  J 

To  compute  the  loss  of  antenna  gain,  a  computer  program  was  written  to  calculate 
the  dipole  element  pattern  by  direct  integration  of  the  sinusoidal  current  along  the 
dipole  length.  A  vectorial  summation  of  all  array  elements  is  performed  at  any  far 
field  point  providing  a  non- approximate  analysis  for  any  shape  array,  and  grid  or 
error  pattern.  The  bore  sight  gain  is  computed  including  loss  of  gain  due  to  beam 
squinting. 

The  loss  of  antenna  gain  due  to  BPM  failures  was  analyzed  and  the  results  are  shown 
in  Figure  58  for  up  to  4  total  failures.  The  gains  listed  are  the  computed  directivity 
at  4.7  GHz.  Included  is  a  drawing  of  the  antenna  array  with  the  distribution  of  the 
12  BPM's.  The  total  loss  in  ERP  is  also  shown  and  is  a  maximum  of  3.06  dB  for  any 
three  BPM  failures. 
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It  was  found  that  the  loss  of  antenna  gain  due  to  beam  squinting  was  a  negligible 
component  of  the  total  loss  of  gain.  As  a  result,  the  loss  in  gain  due  to  the  failure 
of  BPM's  5,  9  and  10  for  example,  is  equal  to  the  loss  of  gain  due  to  the  failure  of 
BPM's  6,  9  and  12.  Refer  to  Figure  58.  for  BPM  module  numbers.  Because  of 
this,  the  antenna  array  can  be  broken  down  into  4  inner  (A)  and  8  outer  (B)  BPM's. 
The  loss  in  ERP  has  been  listed  versus  the  number  of  failures  of  these  A  and  B 
modules . 

For  this  configuration  four  BPM  failures  were  taken  as  the  failure  criteria 
resulting  in  a  system  failure  (-3  dB  ERP). 

II  1  KW  System 

The  purpose  of  a  Reliability  Analysis  for  the  proposed  1  kw  system  is  to  establish 
failure  rates  for  the  major  system  components.  The  target  is  to  provide  a  failure 
rate  distribution  which  results  in  a  system  MTBF  of  4000  hours  minimum. 

To  accomplish  this,  a  reliability  block  diagram  of  the  1  kw  system  is  shown  in 
Figure  59.  This  diagram  contains  all  the  major  RF  components,  DC  power  supplies 
and  distribution  networks.  In  the  area  of  the  antenna  BPM,  the  3  step  antenna  taper 
requires  3  different  RF  distribution  chains  (all  BPM  are  identical).  For  the 
application  of  RF  power  to  the  Transmit  Array,  redundancy  is  provided  by  having, 

as  cold  standby,  one  additional  IPA  BPM  and  one  additional  DC  power  supply.  Thus, 
when  either  a  power  supply  or  IPA  BPM  foil,  the  spare  units  can  be  switched  in  with 
minimal  impact  on  traffic.  The  gracefiil  degradation  feature  of  this  system  resides 
in  the  fact  that  several  antenna  BPM  can  fail  prior  to  a  loss  of  3  dB  in  ERP  (Failure 
Criteria). 

Thus,  the  initial  task  is  to  determine  the  quantity  and  position  of  failures,  their 
effects  on  loss  of  transmitter  power  and  antenna  gain.  As  per  the  previous  analysis, 
the  loss  in  power  is  calculated  as: 

P__  =  10  log  (1  -  No.  of  Failures  ) 

RF  34 


AhT£*** 


B  28528  yF/<ii/#£  59 

SCALE  |WEV  |  SHEET 


Where  34  is  the  total  number  of  antenna  BPM's.  Relative  position  of  the  BPM 
within  the  array  has  no  bearing  on  the  loss  of  power. 

The  loss  of  antenna  gain  is  dependent  upon  position  since  the  taper  design  provides 
for  different  areas  of  illumination  depending  upon  position  of  the  BPM  within  this 
distribution  network. 

The  loss  of  gain  (&<*  )  versus  position  is  determined  via  the  computer  program 
previously  described  but  expanded  for  this  configuration. 

Figure  60  summarizes  the  degradation  in  ERP  vs.  BPM  failure.  This  chart  assumes 
that  a  BPM  failure  results  in  a  total  loss  of  RF  energy  from  that  BPM.  This  is  a 
pessimistic  approach  since  it  does  not  take  into  account  a  partial  failure  in  a  BPM. 

This  partial  failure  would  result  if  only  one  input  stage,  one  output  stage,  or  one 
chain  (input  driving  an  output)  failed.  The  other  side  would  still  provide  power,  6  dB 
lower  than  normal  (due  to  the  final  stage  power  combiner). 

Calculation  of  the  MTBF  for  this  system  follows  these  guide  lines: 

•  Desired  system  MTBF  is  4000  hours. 

•  20%  (1/5)  of  this  4000  hours  (  }\  =  ^'qqq  =  250  x  10  ^  failure/hours)  are 
allocated  to  system  components  not  shown  (FR  =  50  x  10  6  failures/hours). 

•  Redundancy  is  provided  for  the  DC  power  supplies  and  IPA  Basic  Power  Modules. 

•  IPA  BPM  has  a  lower  failure  rate  than  the  antenna  BPM  due  to  forced  air 
cooling  in  the  control  cabinet. 

•  IPA  Driver  has  a  lower  failure  rate  than  an  IPA  BPM  due  to  its  lower  DC 
power  requirements,  lower  transistor  channel  termperature,  and  forced  air 
cooling. 

•  Failure  rates,  >i(  for  passive  components  are  taken  from  MIL -STD- Handbook 

o 

217B  at  40  C  ambient  temperature. 

•  Failure  rale  for  power  supplies  based  upon  Militarized  switching  units  of 
com  parable  capacity. 
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3 .0 

2  .0 

1  .  0 

-  .  84 

-.87 

-1.71 

3  .  O 

3 . 0 

.  0 

-  .  34 

-  1  .57 

4  .  O 

.  0 

2 . 0 

-  .  34 

-.91 

-  1  .76 

4  .  0 

1  .0 

1  .0 

-  .  84 

-  .77 

-1.61 

4  .  0 

2 . 0 

.  0 

-  .  34 

-.63 

-  1  .48 

5  .  O 

.  0 

1  .0 

-  .  84 

-  .  67 

-1.52 

5 . 0 

1  .  0 

.0 

-  .  84 

-  .  54 

-1.38 

H c,j«e 
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6.0  .0  .0  -.34  -.44  -1.28 

PVG  LOSS  IN  ERPfdB)=-I  .97 


T  0 T  R  L  NUMBER  OF 

FP I LURES=7 

FR I  LURES 

AP 

AG 

AERP 

P 

E 

c 

(  dE  ) 

(  d  E  ) 

<  dE  ) 

.  0 

1  .  0 

6.0 

-1.00 

-2.13 

-3.13 

.  0 

2 .0 

5 . 0 

-1.00 

-2 .02 

-3.02 

.  0 

3 . 0 

4  .  0 

-1.00 

-1.85 

-2 .35 

.  0 

4  .  0 

3 . 0 

-1.00 

-1.69 

-2.69 

.  0 

5 . 0 

2 . 0 

-1.00 

-1.54 

-2.54 

.  0 

6 . 0 

1  .0 

-1.00 

-1.38 

-2 .38 

.  0 

7 . 0 

.0 

-1.00 

-1.23 

-2.23 

1  .  0 

.  0 

6  .  0 

-1.00 

-2.06 

-3.07 

1  .  0 

1  .  0 

5 . 0 

-1.00 

-1.90 

-2 .90 

1  .  0 

2 .0 

4  .  0 

-1.00 

-1.74 

-2  •  74 

1  .  0 

3 . 0 

3 . 0 

-1.00 

-1.58 

-2.53 

1  .0 

4  .  0 

2 .0 

-1.00 

-1.43 

-2.43 

1  .0 

5 .0 

1  .0 

-  1  .00 

-1.27 

-2.27 

1  .0 

6  .  0 

.  0 

-1.00 

-1.12 

-2.12 

2  .  0 

.  0 

5 . 0 

-1.00 

-1.79 

-2.79 

2  .  0 

1  .  0 

4 . 0 

-1.00 

-1.63 

-2.63 

2 . 0 

2 . 0 

3 . 0 

-1.00 

-1.47 

-2.47 

2 . 0 

3  .  0 

2  .0 

-1.00 

-1.32 

-2.32 

2 . 0 

4  .  0 

1  .0 

-1.00 

-1.17 

-2.17 

2 . 0 

5 . 0 

.  0 

-1.00 

-1.02 

-2.02 

3 . 0 

.0 

4  .  0 

-1.00 

-1.52 

-2.52 

3 . 0 

1  .0 

3 . 0 

-1.00 

-1.36 

-2.36 

3 . 0 

2 . 0 

2 . 0 

-1.00 

-1.21 

-2.21 

3 . 0 

3 . 0 

1  .  0 

-1.00 

-1.06 

-2.06 

3 . 0 

4  .  0 

.  0 

-1.00 

-  .  92 

-1.92 

4 . 0 

.  0 

3 .0 

-1.00 

-1.25 

-2.26 

4 .0 

1  .0 

2 . 0 

-1.00 

-1.11 

-2.11 

4 . 0 

2 . 0 

1  .  0 

-1.00 

-  .  96 

-1.96 

4  .  0 

3  .  0 

.  0 

-1.00 

-.31 

-1.81 

5  .  0 

.  0 

2 . 0 

-1.00 

-1.00 

-2.00 

5 . 0 

1  .  0 

1  .0 

-1.00 

-  .  86 

-1.36 

5 . 0 

2 . 0 

.  0 

-  1  .00 

-.71 

-1.71 

6 . 0 

.  0 

1  .  0 

-  1  .00 

-  .75 

-1.76 

6 . 0 

1  .0 

.0 

-1.00 

-  .61 

-1.61 

7 . 0 

.  0 

.  0 

-1.00 

-  .51 

-1.52 

PVG  LOSS 

IN  E  R  P  t  d  B )  = 

-2 .32 

TO  T  PL  NUMBER  OF 

FRILURES=8 

F  P  I  L  IJ  R  E  S 

aP 

AG 

AEPP 

P 

B 

C 

(  dB  ) 

(  dB  ) 

(  dB  ) 

.  0 

2 .0 

6 . 0 

-1.17 

-2.43 

-3.60 

.  0 

3.0 

5 . 0 

-1.17 

-2.26 

-3.42 

.  0 

4  .  0 

4 . 0 

-1.17 

-2.09 

-3.25 

.  0 

5 . 0 

3 . 0 

-1.17 

-1.92 

-3.09 

.  0 

6 . 0 

2 . 0 

-1.17 

-1.76 

-2.92 

.  0 

7 .0 

1  .0 

-1.17 

-1.59 

-2.76 

.  O 

3  .0 

.  0 

-1.17 

-  1  .44 

-2.60 

1  .0 

1  .  O 

6 .0 

-1.17 

-2.31 

-3.47 

1  .0 

2  .  O 

5 . 0 

-1.17 

-2.14 

—  3.30 

■  1.0 

3 . 0 

4 . 0 

-1.17 

-1.97 

-3.13 

1.0 

4 . 0 

3  .  0 

-1.17 

-1.30 

-2.97 

1  .0 

5  .  0 

2 . 0 

-1.17 

-1.64 

-2.81 

1  .  0 

6 . 0 

1  .0 

-1.17 

-  1  .43 

-2.65 

1  .  0 

7,0. 

.  O 

-1.17 

-  1  .33 

-2.49 
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2 . 0 

.  0 

6 . 0 

-1.17 

-2.19 

-3.35 

2 . 3 

1  .0 

5 . 0 

-1.17 

-2 .02 

-3.18 

2 . 9 

2 .0 

4  .  0 

-1.17 

-1.85 

-3.02 

2 . 0 

3  .  0 

3 . 0 

-1.17 

-1.69 

-2  .85 

2 . 0 

4  .  O 

2 . 0 

-1.17 

-1.53 

-2.69 

2 . 0 

5 . 0 

1  .  0 

-1.17 

-1.37 

-2.54 

2  .  0 

6  .  0 

.  0 

-1.17 

-1.22 

-2.33 

3 . 0 

.  0 

5  .  0 

-1.17 

-  1  .90 

-  3 .07 

3 . 0 

1  .  0 

4  „  0 

-1.17 

-1.74 

-2.90 

3 . 0 

2 . 8 

3 . 0 

-1.17 

-1.57 

-2.74 

3 . 0 

3  .  0 

2 . 0 

-1.17 

-1.42 

-2.58 

3  .  0 

4  .  0 

1  .  0 

-1.17 

-  1  .26 

-2.43 

3 . 0 

5 . 0 

.  0 

-1.17 

-1.11 

-2.27 

4  .  0 

.  0 

4  .  0 

-1.17 

-1.62 

-2.79 

4  .  0 

1  .  0 

3 . 0 

-1.17 

-1.46 

-2.63 

4  .  0 

2 . 0 

2 . 0 

-1.17 

-  1  .31 

-2.47 

4  .  0 

3  .  0 

1  .  0 

-1.17 

-1.15 

_  O  o  o 

A  »  Ot 

4 . 0 

4  .  0 

.  0 

-1.17 

-1.00 

-2.17 

5 . 0 

.  0 

3 .0 

-1.17 

-1.35 

-2.52 

5 . 0 

1  .0 

2  .  0 

-1.17 

-1.20 

-  2  .36 

5  .  0 

2  .  0 

I  .0 

-1.17 

-1.05 

-2.21 

5 . 0 

3 . 0 

.  0 

-1.17 

-  .  90 

-2.06 

6  .  0 

.  0 

2 . 0 

-1.17 

-  1  .09 

-2.26 

6 . 0 

1  .0 

1  .  0 

-1.17 

-  .  94 

-2.11 

6 . 0 

2 . 0 

.0 

-1.17 

-  .  79 

-1.96 

7 . 0 

.  0 

1  .  0 

-1.17 

-  .  84 

-2 .00 

7 .0 

1  .  0 

.  0 

-1.17 

-  .  69 

-1.86 

8 .0 

.  0 

.  0 

-1.17 

-  .  59 

-1.76 

AVG  LOSS 

IN  E  R  P  t  d  B )  = 

-2 .67 

TOTAL  NUMBER  OF 

FA  I LURES  =  9 

FAILURES 

AP 

AG 

AERP 

0 

B 

C 

(  d  E  ) 

(  dB  ) 

1  dB  ) 

•  .0  . 

3 . 0 

6 . 0 

-  1  .34 

-2.70 

-4.03 

.  0 

4  .  0 

5  .  0 

-1.34 

-2.52 

-3.35 

.  0 

5 .0 

4 . 0 

-1.34 

-2.34 

-3.67 

.  0 

6 . 0 

3  .  0 

-1.34 

-2.16 

-3.50 

.  0 

7 . 0 

2 . 0 

-1.34 

-1.99 

-3.32 

.  0 

8 . 0 

1  .0 

-  1  .34 

-  1  .82 

-3.15 

.  0 

9 . 0 

.  0 

-1.34 

-1.65 

-2.99 

1  .  0 

2  .  0 

6 .0 

-1.34 

-2.57 

-3.90 

1  .  0 

3  .  0 

5 . 0 

-1.34 

-2.39 

-3  .  72 

1  .  0 

4  .  0 

4  .  0 

-  1  .34 

-2.21 

-3 .55 

1  .  0 

5 . 0 

3 . 0 

-1.34 

-2.04 

-3.37 

1  .  0 

6 . 0 

2  .  0 

-  1  .34 

-1.87 

-3.20 

1  .  0 

7 .0 

1  .  0 

-1.34 

-1.70 

-3.04 

1  .0 

8 . 0 

.  0 

-  1  .34 

-  1  .54 

-2.37 

2 .0 

1  .  0 

6.0 

-1.34 

-2.44 

-3.73 

2 . 0 

2 .0 

5  .  0 

-1.34 

-2 .26 

-3.60 

2 . 0 

3 . 0 

4  .  0 

-1.34 

-2.09 

-3.42 

2 . 0 

4  .  0 

3 .0 

-1.34 

-1.92 

-3.25 

2 . 0 

5 . 0 

2  .  0 

-1.34 

-1.75 

-3.09 

2  .  0 

6 . 0 

1  .0 

-  1  .34 

-1.59 

-2.92 

2  .  0 

7 . 0 

.  0 

-1.34 

-  1  .42 

-2.76 

3 . 0 

.  0 

6 . 0 

-  1  .3  4 

-2.31 

-3.65 

3  .  0 

1  .  0 

5 . 0 

-1.34 

-2.14 

-3.47 

3 . 0 

2 . 0 

4 . 0 

-1.34 

-1.97 

-3.30 

3 . 0 

3 . 0 

3 . 0 

-1.34 

-1.80 

-3.13 

3 . 0 

4  .  0 

2  .  0 

-1.34 

-  1  .63 

-2.97 

3 . 0 

5 . 0 

1  .0 

-  1  .34 

-1.47 

-2.81 
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3 . 0 

6 . 0 

.  0 

-  1  .34 

-1.31 

-2.65 

4  .  0 

.  0 

5 

.0 

-  1  .34 

-2.02 

-3.35 

4  .  0 

1  .  0 

4 

.  0 

-1.34 

-1.85 

-3.18 

4  .  0 

2 . 0 

o 

.  0 

-1.34 

-1.68 

-3.02 

4  .  0 

3 . 0 

2 

.  0 

-  1  .34 

-1.52 

-2.85 

4  .  0 

4  .  0 

1 

.  0 

-  1  .34 

-1.36 

-2.69 

4  .  0 

5  .  0 

.  0 

-1.34 

-  1  .20 

-2.54 

5 . 0 

.  0 

4 

.  0 

-1.34 

-1.73 

-3.07 

5  .  W 

1  .  0 

i 

•Z> 

.  0 

-1.34 

-1.57 

-2.90 

5  •  0 

2 . 0 

2 

.  0 

-1.34 

-1.40 

-2.74 

5  .  0 

3 . 0 

1 

.  0 

-  1  .34 

-1.25 

-2.58 

5 . 0 

4 .0 

.  G 

-1.34 

-1.09 

-  2  .43 

6  .  0 

0 

3 

.  0 

-1.34 

-1.45 

-2.79 

6 . 0 

1  .  0 

2 

.  0 

-  1  .34 

-1.29 

-2.63 

6  .  0 

2 . 0 

1 

.  0 

-  1  .34 

-1.14 

-2.47 

6  .  0 

3  .  0 

.  0 

-1.34 

-.98 

-  2  .32 

7 . 0 

.  0 

o 

.  0 

-  1  .34 

-1.18 

-2.52 

7  .  0 

1  .  0 

1 

.  0 

-1.34 

-  1  .03 

-2.36 

7  .  0 

2  .  0 

.  0 

-  1  .34 

-.88 

-2.21 

3 . 0 

.  0 

1 

.  0 

-  1  .34 

-  .  92 

-2.26 

3  .  0 

1  .  0 

.  0 

-  1  .34 

““•If 

-2.11 

9  .  0 

.  0 

.  0 

-  1  .34 

-  .  67 

-2.00 

flVG  LOSS 

IN  E  R  P ( d  B )  = 

-3 .83 

TOTAL  HU 

MBER  OF 

FAILURES  =10 

FAILURES 

hP 

L  G 

&ERP 

A 

B 

c 

(  dB  ) 

(  dB  ) 

1.  dB  ) 

.  0 

4 . 0 

6 

.0 

-1.51 

-2.98 

-4.49 

.  0 

5  .  O 

5 

.  0 

-1.51 

-2 .79 

-4.30 

.  0 

6  .  @ 

4 

.  0 

-1.51 

-2.60 

-4.11 

.  0 

7 . 0 

3 

.  0 

-  1  .51 

-2.41 

-3.93 

.  0 

8 . 0 

2 

.  0 

-  1  .51 

-2.23 

-3.74 

.  0 

9 . 0 

1 

.  0 

-1.51 

-2.05 

-3.57 

1  .  0 

3  .  0 

6 

.  0 

-1.51 

-2.84 

-  4  .36 

1  .  0 

4  .  0 

5 

.  0 

-1.51 

-2.65 

-4.17 

1  .  0 

5 . 0 

4 

.  0 

-  1  .51 

-2.47 

-3.98 

1  .  0 

6 . 0 

3 

.0 

-1.51 

-2.28 

-3.80 

1  .  0 

7  .  0 

2 

.  0 

-1.51 

-2.11 

-3.62 

1  .0 

8 . 0 

1 

.  0 

-1.51 

-1.93 

-3.44 

1  .  0 

9 . 8 

.  0 

-  1  .51 

-1.76 

-3.27 

2 . 0 

2  .  0 

6 

.  0 

-1.51 

-2.71 

-4.22 

2 . 0 

3  .  0 

5 

.  0 

-1.51 

-2.52 

-4.03 

2 . 0 

4  .  0 

4 

.  0 

-1.51 

-2.34 

-3.85 

2 . 0 

5 . 0 

3 

.  0 

-1.51 

-2.16 

-3.67 

2 . 0 

6 . 0 

2 

.  0 

-1.51 

-1.98 

-3.50 

2  .  0 

7  .  0 

1 

.  0 

-1.51 

-1.81 

-3.32 

2  .0 

8 .0 

.  0 

-1.51 

-1.64 

-3.15 

3 . 0 

1  .  0 

6 

.0 

-1.51 

-2 .58 

-4.09 

3 . 0 

2 . 0 

5 

.0 

-  1  .51 

-2.39 

-3.90 

3 . 0 

3  .  0 

4 

.  0 

-1.51 

-2.21 

-3.72 

3  .  0 

4  .  0 

3 

.  0 

-  1  .51 

-2.03 

-3.55 

3  .  0 

5 . 0 

2 

.  0 

-  1  .51 

-1.86 

-3.37 

3 . 0 

6 . 0 

1 

.  0 

-  1  .51 

-1.69 

-3.20 

3 . 0 

7  .  0 

.  0 

-1.51 

-  1  .52 

-3.04 

4 . 0 

.  0 

6 

.  0 

-1.51 

-2.4  4 

-3.96 

4  .  0 

1  .  0 

5 

.  0 

-1.51 

-2.26 

—  3.78 

4  •  0 

2 . 0 

4 

.  0 

-1.51 

-2.09 

—  3 .60 

4  .  0 

3  .0 

.  0 

'  -1.51 

-1.91 

-  3 . 4  2 

4  .  0 

4  .  0 

2 

.  0 

-1.51 

-  1  .74 

-3.25 

4  .  0 

5 . 0 

1 

.0 

-1.51 

-1.57 

-  3  .09 
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4 . 0 

6 . 0 

.  0 

-1.51 

-1.41 

-2 .92 

5 . 0 

.  0 

5 . 0 

-1.51 

-2.14 

-3.65 

5 . 0 

1  .  0 

4  .  0 

-1.51 

-1.96 

-3.47 

5 . 0 

2 . 0 

3 . 0 

-1.51 

-1.79 

-3.30 

5 . 0 

3 . 0 

2 . 0 

-1.51 

-1.62 

-3.13 

5 . 0 

4 . 0 

1  .  0 

-1.51 

-  1  .46 

-2.97 

5 . 0 

5 . 0 

.  0 

-1.51 

-1.29 

-2.31 

6.0 

.  0 

4 . 0 

-1.51 

-1.34 

-  3  .35 

6 . 0 

1  .  0 

3 . 0 

-1.51 

-1.67 

-3.13 

6 . 0 

2 . 0 

2 . 0 

-1.51 

-1.50 

-3.02 

6 . 0 

3 . 0 

1  .0 

-1.51 

-1.34 

-2.85 

6  .  0 

4  .  0 

.  0 

-1.51 

-1.13 

-2.69 

7 . 0 

.  0 

3 . 0 

-1.51 

-1.55 

-3.07 

7 . 0 

1  .  0 

2 . 0 

-1.51 

-1.39 

-2.90 

7 . 0 

2 . 0 

1  .  0 

-1.51 

-1.23 

-2.74 

7  .  0 

3 . 0 

.  0 

-1.51 

-1.07 

-2.53 

g  .  0 

.  0 

2 . 0 

-1.51 

-1.27 

-2.79 

0 . 0 

1  .  0 

1  .0 

-1.51 

-1.12 

-2.63 

S  .  0 

2 . 0 

.  0 

-  1  .51 

-  .  96 

-2.47 

9 . 0 

.  0 

1  .  0 

-1.51 

-1.00 

-2 .52 

9 . 0 

1  .  0 

.  0 

-1.51 

-  .  35 

-2.36 

10.0 

.  0 

.  0 

-1.51 

-  .  74 

-2.26 

AVG  LOSS 

IN  ERP!dB)= 

-3 .39 

TOTAL  NUMBER  OF 

FA  I  LURES = 1  1 

FAILURE 

<7- 

zr~ 

4G 

AERP 

A 

B 

c 

i.  dB  ) 

(  dB  ) 

(  d  E  3 

.  0 

5 . 0 

6 .0 

-1.70 

-3.28 

-4.93 

.  0 

6 . 0 

5 . 0 

-1.70 

-3.08 

-4.77 

.  0 

7 . 0 

4  .  0 

-1.70 

-2 .88 

-4.57 

.  0 

S  .  0 

3 .0 

-1.70 

-2.68 

-4.38 

.  0 

9  .  0 

2 . 0 

-1.70 

-2.49 

-4.19 

1  .  0 

4  .  0 

6  .  0 

-1.70 

-3.13 

-4.83 

1  .  0 

5  .  0 

5 . 0 

-  1  .70 

-2.93 

-4.63 

1  .  0 

6  .  0 

4  .  0 

-1.70 

-2.74 

-4.44 

1  .  0 

7  .  0 

3 . 0 

-  1  .70 

-2.55 

-4.24 

1  .0 

g  .  0 

2 . 0 

-  1  .70 

-2.36 

-4.06 

1  .  0 

9 . 0 

1  .  0 

-  1  .70 

-2.17 

-3.37 

2 . 0 

3 . 0 

6 . 0 

-  1  .70 

-2.99 

-4.69 

2 . 0 

4 . 0 

5 . 0 

-1.70 

-2.30 

-4.49 

2  .  0 

5 . 0 

4  .  0 

-  1  .70 

-2.60 

-4.30 

2 . 0 

6 . 0 
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-4.41 
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2 . 0 
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4  .  0 

-  1  .70 

-2.34 

-4.03 

4  .  0 

4 . 0 

3 . 0 

-  1  .70 

-2.15 

-3.35 
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Calculation 


In  reviewing  the  mathematics  for  determining  the  Mean  Time  Between  Failure  (MTBF) 
of  the  Basic  Power  Module  (BPM),  a  simplified  reliability  block  diagram  was  prepared 
(from  Figure  59,  Figure  51).  As  MTBF  is  the  inverse  of  the  sum  of  the  failure  rates 
in  a  serial  model,  the  first  task  was  to  convert  each  of  the  5  block  groups  into  an  equiva¬ 
lent  failure  rate. 

Power  Supply  -  From  any  standard  reliability  handbook,  the  MTBF  for  a  3  out  of  4 
configuration  with  cold  standby  redundancy  is  2/3  x  unit  MTBF.  Therefore,  the 
equivalent  failure  rate  for  the  power  supply  group  is  a  failure  rate  equal  to  1.5  x  the 
failure  rate  of  a  power  supply. 

IPA  -  For  the  IPA  amplifier  group  with  a  4  out  of  5  configuration  with  cold  standby 
redundancy,  the  equivalent  failure  rate  is  2  x  the  failure  rate  of  a  Basic  Power 
Module  (BPM). 

Antenna  Amplifier  Chain  -  The  equivalent  failure  rate  for  the  34  amplifier  chains 
group  was  determined  from  the  definition  of  success  and  the  allowable  number  of 
failures  for  no  greater  than  a  3  dB  loss  in  EBP. 

Within  the  antenna  array  there  are  34  amplifiers.  These  are  grouped  into  3  types, 
each  with  a  slightly  different  failure  rate  in  series  with  a  basic  power  module  and 
providing  a  slightly  different  amount  of  signal  loss  when  it  fails.  From  the  com¬ 
puter  run  of  loss  per  quantity  of  each  of  the  3  types  of  amplifier  chains  (A,  B,  & 

C),  Figure  6 0  the  type  and  number  of  "success"  states  was  evaluated  (Figure  62). 

Success  states  arise  from  the  combinations  of  up  to  12  failures.  All  combinations 
of  0,  1,  2,  3,  4,  5,  and  6  failures  provide  a  loss  less  than  3  dB  therefore  1009? 
success  states.  Of  all  combinations  of  7  failures,  99.996'/  provide  a  "success" 
condition.  Of  all  combinations  of  8  failures,  99.227'/  provide  a  "success"  con¬ 
dition.  Of  all  combinations  of  9,  10,  11,  and  12  failures,  the  "success"  percent¬ 
age  of  state  probabilities  are  86.  944'/,  45.000'/,  7.855%,  and  0.133*/,  respectively. 
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CALCULATION  OF  SUCCESS  STATES 


#  of  En.I  Total  #  of  Total  #  of  %  of  Success 

Failures _ States _ Failed  States _  States 


0 

1 

0 

100% 

1 

34 

0 

100% 

2 

c  561 

0 

100% 

3 

5,984 

0 

100% 

4 

46,  376 

0 

100% 

5 

278,256 

0 

100% 

6 

1,344,904 

0 

100% 

7 

5,379,616 

216 

99. 996% 

8 

18,156,204 

140,346 

99.227% 

9 

52,451,256 

6,  847,998 

86.  944% 

Total  #  of  States  = 

34! 

R !  (34-R) ! 

R  =  Total  #  of  Failed  States (B  PM  ) 


Total  #  of  Failed  States  = 


IV  9!  6! 

RA!(19-RA)l  X  Rg!(9-Rg.)!  X  Rc!(6-Rc)! 


Summation  over  the  #  of  combinations  giving  a  3  dB  loss  in  ERP. 


%  of  Success  States  = 


Total  #  of  States  -  Total  #  of  Failed  States 
Total  #  of  States 


FIGURE  62 
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From  a  human  lactors  point  of  view  to  minimize  interpretation  by  a  user,  all  con¬ 
ditions  of  up  to  and  including  8  failures  can  be  considered  a  success  state.  In 
evaluating  the  MTBF  of  the  amplifier  array,  an  assumption  had  to  be  made  to 
simplify  the  mathematics.  This  assumption  is  that  there  is  an  average  series 
failure  rate  in  each  chain.  This  number  was  determined  by  dividing  the  total 
series  failure  rate  of  all  34  chains  by  34. 

The  equation  for  the  MTBF  of  the  amplifier  array  mathematically  considering  a 
success  of  all  states  up  to  and  including  8  failures  is: 

MTBFaa  =  4?  MTBF  chain  =  MTBF  (BPMaa  ISERIES  ) 

AA  frQ  r  3. 3085 

Using  the  assumption  that  the  failure  rate  of  the  BPM  in  the  antenna  array  is 
1.  2  x  the  failure  rate  of  the  physically  identical  BPM  in  the  IPA,  the  failure  rate 
equation  is: 

FRAA  =  ^  AA  =  3*  3085  x  (  ^  BPM  x  !•  2  +  2.  76*) 

*2.76  =  AV  of  components  other  than  BPM 

Further,  considering  that  the  failure  rate  of  the  driver  amplifier  is  0.  4  x  the  feilure 
rate  of  a  IPA  BPM,  the  failure  rate  of  identified  series  items  is  9.  921  x  10-6.  The 
reserve  failure  rate  is  50  x  10  ®,  and  the  failure  rate  of  a  power  supply  is  30  x  10~®. 
For  a  4000  hours  MTBF,  the  series  failure  rate  is  250  x  10“6  failures/hour.  There¬ 
fore,  the  equation  to  determine  the  BPM  failure  rate  is: 

250  xlO-6  «  50  x  10-6  +  9.921  x  10"6  +  1.  5  x  30  x  10"6  +  (0. 4  x /\  BPM) 

+  2  x  X  BPM  +  3.  3085  x  (1. 2  x  A  BPM)  +  2.  76  x  10-6 

XbPM=  136.07899/6.3702  =  21. 362  x  10-6  failures/hour 

MTBF  =  46,812  hours 
BPM 

For  4  devices  per  BPM,  assuming  each  is  equally  likely  to  fail:  X  device  =  X  BPM/4 
=  5.  34  x  10  feilures/hours.  A  failure  rate  (  X )  of  5.  34  x  10~6/hour  is  comparable 
to  a  JAN  TXV  devices  with  an  LTPD  equal  to  5. 
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A  recent  document  from  RADC  "Reliability  Prediction  Models  for  Microwave  Solid 
State  Devices",  RADC-TR-79-50,  April  1979  reports  on  GaAsFET  Devices  reli¬ 
ability  testing.  The  report  cites  the  tests  performed  by  various  manufacturers 
(page  47): 

'  A  report  on  a  solid  state  amplifier  study  for  power  amplifiers  (GaAsFET)  (Reference 

rt 

16)  indicates  a  range  of  from  1.6  x  10  hours  to  3.6  x  107  hours  MTBF  for  3  types  of 
power  GaAsFETs  at  150°C  junction  temperature.  A  test  conducted  on  twenty  devices, 
operated  at  a  junction  temperature  of  125°C  for  1000  hours  was  completed  with  no 
catastrophic  failures  (See  Reference  17).  One  report,  evaluating  three  types  of  devices, 
predicts  an  MTBF  of  10®  hours  at  junction  temperatures  of  100°C  (See  Reference  18). 

A  study  of  low  noise  microwave  GaAsFETs  shows  the  predicted  MTBF  for  the  devices 
8  o 

to  be  2  x  10  hours  at  100  C  (See  Reference  19).  From  an  evaluation  of  these  reports 
it  becomes  evident  that  various  manufacturers,  using  different  designs  and  processes 
for  manufacturing  the  devices,  produce  reliability  data  which  varies  very  much  and 
lacks  uniformity.  The  failure  rate  to  be  developed  then  requires  an  evaluation  of 
the  data  available  and  engineering  judgment  in  the  determination  of  the  reliability  of 
the  device.  Junction  temperatures  obtained  are  a  result  of  thermal  conductivity  of 
the  device,  the  amount  of  current  adjusted  in  the  device  and  the  ambient  temperature 
of  the  air  around  the  device.  Nominal  operating  junction  temperature  is  in  the  order 
of  150°C.  If  it  is  considered  that  devices  operated  at  150°C  junction  temperature 
have  a  predicted  MTBF  of  between  0.03  x  10®  hours  and  5  x  107  hours  dependent  on 

g 

the  type  of  device,  then  a  value  of  5  x  10  hours  can  be  postulate  for  a  GaAsFET 
that  was  operated  at  a  25°C  ambient  temperature  and  a  50  percent  stress.  This 
results  in  a  failure  rate  of  0. 2  failures/10®  hours  at  that  one  point  (See  Reference  20)." 

Thus,  a  required  failure  rate  of  5.  34  x  10”®  failures  /  hour  (or  5.  34  failures  in  10® 
hours)  has  already  been  demonstrated  for  power  GaAsFETs  operated  at  high  junction 
(channel)  temperatures. 


As  further  testing  of  devices  occurs  prediction  models  will  be  better  defined,  enabling 
determination  of  failure  rates  based  on  application,  power  level,  and  quality  factors. 
These  could  then  be  used  to  confidently  determine  device  failure  rates  for  a  given 
application  based  on  a  larger  sample,  very  similar  to  the  manner  in  which  silicon 
bipolar  transistors  are  characterized. 

In  summary,  the  reliability  model  assumed  for  the  1  KW  system  requires  the  use  of 
a  GaAsFET  device  with  a  failure  rate  currently  attainable. 
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Ill  F.  BITE  SYSTEM  -  Refer  to  Figure  63 


T’nc  function  of  the  BITE  system  is  to  monitor  and  display  the  status  and  operation 
of  the  Phased  Array  Antenna  Amplifier.  It  performs  this  task  by  sensing  the  out¬ 
put  of  each  BPM  and  continuously  updating  a  LED  (Light  Emitting  Diode)  display 
with  this  information. 

During  normal  operation  of  the  Phased  Array  System,  the  PF  output  of  each  BPM 
is  sampled  and  its  status  displayed  via  a  control  panel  red  LED.  For  normal 
operation  the  LED  is  off.  In  addition  to  an  indication  for  each  individual  BPM,  a 
monitor  for  the  overall  system  failure  status  is  provided.  This  consists  of  a  red 
LED  which  is  normally  off  when  fewer  than  9  BPMs  fail.  Computer  analysis 
has  shown  that  the  system  ERP  will  be  degraded  by  f  3  dB  when  fewer  than  9 
BPMs  fail.  (Graceful  Degradation) 

The  power  supplies  for  the  IPA  and  Antenna  Matrix  EPM's  would  be  provided 
with  over  and  under  voltage  monitors  which  will  show  red  to  indicate  when  the 
voltage  output  exceeds  the  specified  limits. 

Detailed  Description 

Each  BPM's  RF  power  will  be  detected  by  a  zero  bias  Schottky  detector  diode  at 
the  coupled  output  port  of  the  final  combiner  hybrid  (part  of  BPM). 

This  eliminates  the  need  to  add  an  additional  coupler  to  detect  RF  power,  and 
therefore,  cuts  RF  losses  by  about  0. 1  dE  per  EPM.  This  method  of  detection 
was  selected  as  the  most  reliable  indication  of  normal  operation.  Other  methods 
were  considered,  such  as  sensing  the  DC  bias  current  or  sensing  transistor 
temperature.  These  were  rejected  on  the  basis  that  there  were  failure  modes 
that  could  give  erroneous  indications,  or  worse,  go  unnoticed. 


' 


* 
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Since  each  EPM  has  two  final  stage  transistors,  it  is  conceivable  that  only  one 
could  fail.  For  this  condition  RF  power  would  drop  6  dB.  However,  this  partial 
failure  condition  has  not  been  included  in  the  computer  analysis  of  ERP  degrada¬ 
tion  vs.  BPM  foilure.  Thus  the  limit  of  9  BPM  failures  is  conservative. 

Each  of  the  34  BPM  detector  outputs  will  feed  analog  multiplexer  IC.  Each 
multiplexer  is  a  16  channel  MOS  device  hat,  upon  accessing  a  specific  address 
via  a  separate  4-bit  binary  coded  input,  will  cause  this  input  to  appear  at  its 
output  terminal.  This  multiplexed  signal  drives  a  threshold  comparator.  The 
BPM  status  voltage  (detector  output)  drives  the  positive  input  of  the  compara¬ 
tor.  The  negative  input  of  this  device  is  biased  at  a  slightly  lower  voltage 
(Reference).  Normal  operation  will  provide  a  true  ("1")  output  from  the 
comparator. 

A  failed  or  partially  foiled  PPM  will  provide  a  detected  voltage  below  this  thres¬ 
hold.  Thus,  the  comparator  output  will  be  a  logic  "o".  Failure  of  the  DC  bias 
supply  ora  circuit  interruption  (wire  break)  will  also  indicate  failure.  This  is 
a  desirable  failsafe'  design. 

This  arrangement  allows  the  high  input  impedance  of  the  comparator  to  be  used, 
decreasing  the  possibility  of  loading  on  the  BPM  detector  diodes.  From  the 
comparator,  the  signal  goes  to  a  line  driver.  This  line  driver  transmits  the 
status  bit  stream  on  a  balanced  line  to  the  control  cabinet.  This  scheme  pro¬ 
vides  superior  noise  immunity.  The  multiplexed  signal  is  distributed  from  the 
balanced  line  receiver  to  IC  latches  for  decoding.  The  demultiplexing  is 
accomplished  as  follows:  the  Bite  clock  drives  a  binary  counter  which,  in 
turn,  steps  the  addresses  of  a  decoder.  This  device  'enables'  each  latch  one 
at  a  time,  can  sing  its  output  to  agree  with  the  signal  at  its  input.  The  latch 
is  not  enabled  until  the  middle  of  the  current  clock  cycle.  This  allows  the 
multiplexed  bit  stream  to  'settle  down'  prior  to  infoimation  storage.  This 
will  eliminate  folse  failure  indications  in  the  status  circuitry.  These  latches 
are  D-type  flip  flops  which  will  change  their  state  on  a  positive  clock  edge. 


Any  further  change  in  the  flop  input,  possibly  caused  by  noise  in  the  environment, 
will  have  no  effect,  even  while  it  is  in  the  enabled  state,  until  the  flip  flop  is 
sampled  again.  Kach  latch  drives  a  buffer  which,  in  turn,  drives  a  red  LED. 
This  i, D  will  normally  be  OFF.  The  control  cabinet  front  panel  LED  layout 
could  reflect  the  actual  placement  of  each  amplifier  in  the  array  facilitating 
fault  location. 

The  multiplexed  bit  stream  is  also  fed  into  a  programmable  counter  which  is 
enabled  as  each  latch  is  enabled.  If,  during  its  enable  period,  a  "high"  input 
occurs  (indicating  that  that  particular  amplifier  is  functional),  no  count  is 
initiated.  If  a  "low"  occurs,  however,  the  counter  steps.  When  the  count 
reaches  A  -  the  predetermined  system  failure  point  -  the  "overall  system" 
failure  indicator  lights.  It  will  remain  lit  until  the  operator  affects  a  repair. 

No  other  reset  action  is  required,  since  the  system  counter  is  automatically 
reset  preceeding  each  new  sampling  cycle. 

In  addition  to  monitoring  the  amplifiers,  all  power  supplies  are  monitored  by 
a  pair  of  comparators.  These  comparators  allow  a  window  for  acceptable 
operation.  If  a  power  supply  were  to  exceed  the  upper  or  fall  below  the  lower 
limits,  the  respective  indicators  would  light. 

Other  indicators  incorporated  in  the  Bite  system  include  an  RF  Drive  LED 
which  indicates  application  of  RF  drive  power  to  the  system. 

The  IPA  RF’  output  power  is  read  on  the  panel  meter  when  the  meter  select 
switch  is  in  IPA  position.  This  signal  is  generated  by  summing  the  detector 
outputs  of  each  IPA  BPMs  via  a  summing  amplifier.  These  detectors  also 
drive  front  panel  status  indicators  (LED)  via  threshold  comparators. 

The  Bile  Clock  indicator  is  connected  to  a  monostable  multivibrator,  or  "1- 
shot".  If  this  Bite  clock  or  square  wave  generator  were  to  fail,  the  present 
status  of  the  system  would  be  frozen,  and  no  new  updates  would  occur.  Each 


time  the  clock  goes  high,  it  retriggers  the  one-shot.  The  period  of  the  one-shot 
is  slightly  longer  than  that  of  the  clock.  The  clock  in  effect  continuously  prevents 
the  one-shot  from  completing  its  cycle.  If,  however,  the  clock  fails,  then  the 
one-shot  would  finish  its  timing  cycle  and  present  an  output  state  change.  This 
output  is  the  "Bite  clock"  bilure  indicator. 

A  lamp  test  function  is  provided.  Connected  to  each  panel  LED  is  the  anode  of  a 
diode  (part  of  an  IC  diode  array).  All  the  cathodes  of  these  diodes  are  common 
and  are  grounded  momentarily  by  the  "lamp  test"  switch.  This  switch  is  neces¬ 
sary  since  normal  operation  for  the  LED's  if  OFF.  This  provides  an  easy 
method  of  determining  that  all  LEDs  are  functional.  With  the  monitors  operating 
in  a  normally  OFF  mode,  Bite  circuit  power  drain  is  reduced  dramatically,  as 
the  LED's  by  for  consume  the  greatest  current.  CMOS  IC  are  extensively  used 
in  the  Bite  system.  Current  consumption  for  these  devices  is  in  the  nanoamp 
range.  Another  advantage  to  CMOS  is  its  ability  to  operate  from  varying  power 
supply  levels.  Thus,  their  bias  can  be  increased  to  provide  noise  margin. 

Finally  with  the  advent  of  microprocessors  qualified  for  Military  application  a 
very  significant  portion  of  this  BITE  circuitry  could  be  accomplished  in  soft¬ 
ware,  further  reducing  IC  chip  count. 

BITE  CIRCUIT  PACKAGE 

The  BITE  circuitry  is  divided  into  two  parts.  One  circuit  board  is  located  at 
the  antenna,  and  the  second  circuit  board  is  located  in  the  Control  Cabinet. 
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COSTS 


In  developing  the  systems  approach  for  a  1  kw  antenna  amplifier,  cost  is  a  major 
factor.  This  section  will  address  the  production  costs  of  a  1  kw  solid  state 
array. 

The  1  kw  Solid  State  Phased  Array  Antenna  Amplifier  must  be  cost  competitive 
with  existing  Klystron  tube  systems  such  as  the  AN/GRC-143  AM-6090  High 
Power  Amplifier  and  10  foot  parabolic  dish  antenna  (AN/T FA-37).  Thus  the 
starting  point  for  this  analysis  will  be  the  material  costs  for  the  AM-6090 
HPA  &  AN/TFA-37  antenna.  The  current  material  costs  for  the  Klystron  tube 
HPA  and  antenna  is  approximately  $50  K  at  acquisition,  for  quantities  of  10 
units. 


The  comparable  Phased  Array  System  as  proposed  in  Section  m  of  this  report 

will  consist  of  the  following  items  with  the  estimated  percentage  of  the  total 

costs: 

A.  Control  cabinet  including  DC  power  supplies,  built  in  test  equipment  (BITE) 

and  operator  controls  20% 

B.  Antenna  feed  system  including  the  printed  antenna  laminates,  waveguide, 

power  dividers,  attenuators,  baluns  25% 

C.  Mechanical  structure  including  1083  mast.  Honeycomb  ground  plane, 

fasteners,  inserts,  stiffener,  yoke  10%, 

D.  Basic  Power  Modules  (BPM)  including  Intermediate  Power  Amplifier  45% 

Computing  the  costs  of  each  item  above,  we  have: 


A 

20%  x 

50K  =  10K 

B 

25%  x 

50K  =  12. 5K 

C 

10%  x 

50K  =  5k 

D 

45%  x 

50K  =  22. 5K 

100%  x 

50K  =  50K 
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The  production  costs  of  the  solid  state  antenna  amplifier  concept  is  primarily 
driven  by  the  cost  of  transistors  (GaAsFET  or  Bipolar).  This  is  due  to  the 
quantity  of  devices  involved  per  system  and  the  feet  that  the  required  devices 
have  yet  to  reach  the  full  scale  production  phase. 

For  Item  D  above  -  BPM  and  IPA  -  the  1  kw  system  requires  34  antenna  BPM, 

4  IPA  B PM , spa rqj)( and  1  IPA  driver.  Based  upon  the  scale  model  development, 
the  IPA  Driver  is  one-half  the  cost  of  a  BPM.  We  have: 

*  22.  5K/39. 5  =  i  570  per  BPM. 

This  price  has  been  derived  by  comparison  to  a  Klystron  tube  system  of  quan¬ 
tity  10.  The  comparable  number  of  BPM's  is  39  units/system  xlO  systems  = 
390  BPM's. 

To  derive  the  required  cost  for  the  transistors,  a  breakdown  of  the  BPM  is 
required. 

Using  the  scale  model  BPM  as  a  guide,  the  parts  breakdown  expressed  as  a 


percentage  is  as  follows: 

BPM 

2  Driver  Stage  Transistors  20% 

2  Final  Stage  Transistors  60%, 

Isolator  7% 

Substrates*,  Chassis,  and  Heat  Sink  5% 

Components  (RF  loads,  RF,  and  DC  Connectors, etc.  8% 


100% 

*  Other  than  Alumina 

The  transistor  account  for  80%  of  the  BPM  cost.  Thus,  a  target  price  for  the  devices 
is: 
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Driver  Stage  Devices  (2)  20%  x  $570  =  $114  $57  each 

Final  Stage  Devices  (2)  60%  x  $570  =  $342  $171  each 

80%  x  $570  =  $456 

The  above  price  $57/$171  are  for  quantities  of  39  x  2  x  10  =  780  pieces  of  each 
type  (Driver/Final)  for  10  systems. 

Using  industry  data  for  cost  reduction  for  increased  quantity,  for  100  systems 
requiring  7800  pieces  of  each  device,  the  cost  per  device  would  be  less  than  40% 
of  the  above  costs. 


10  Systems  (780  each)  100  Systems  (7800  each) 
Driver  Stage  Device  $57  each  $23  each 

Final  Stage  Device  $171  each  $70  each 

BPM  $570  each  $230  each 

Thus  with  these  cost  targets  established,  an  assessment  of  device  availability  can 
be  made.  The  first  realization  one  must  make  is  that  no  transistor  manufacturer 
is  currently  producing  5  GHz,  17  W  devices  in  volume.  These  devices  have  been 
demonstrated  in  the  laboratory  at  NEC  and  BELL  laboratory.  Based  on  previous 
history,  the  lead  time  from  the  laboratory  to  production  takes  from  6  to  18 
months. 

Second,  at  introduction  to  the  market  place,  the  per  unit  cost  will  be  high,  much 
higher  than  the  $171  price  for  quantities  of  780  established  above.  Based  upon 
price  trends  for  power  microwave  devices  at  introduction,  the  unit  price  may  be 
as  high  as  $1000  in  small  quantity.  Typically,  the  price  break  for  quantities  of 
1000  would  be  1/2  the  unit  price.  As  the  device  matures  and  more  importantly 
as  competition  among  manufacturers  develops,  the  unit/quantity  pricing  drops 
significantly. 
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Manufacturers  of  Microwave  transistors  supplied  price  trends  and  unit  prices  for 
various  quantities  of  currently  available  devices.  Using  this  as  a  basis,  the  curves 
of  Figure  f>4  were  developed. 

"i  he  first  3  curves  show  the  trend  and  from  these  the  4  th  curve  (17  w  device)  was 
constructed.  As  more  manufacturers  develop  the  higher  power  parts,  the  supply 
becomes  greater,  competition  increases,  interests  in  parts  increases  (demand)  so 
that  the  flattening  out  of  curve  2  may  not  occur.  Thus  the  eventual  price  for  the 
17  w  device  could  fall  to  $400  or  less  after  24  months.  These  prices  are  for  one 
device  in  small  quantity.  For  quantities  of  780  or  greater,  the  price  reduction 
would  be  approximately  half.  Thus  after  24  months,  a  17  w  device  would  be  avail¬ 
able  in  quantity  for  $200  or  less,  very  nearly  approaching  the  target  price  of  $171. 
Of  course,  these  are  projections  but  the  technology  of  power  GaAsFETs  is  rapidly 
emerging  with  no  less  than  a  dozen  eomapnies  actively  developing  a  power  GaAs 
FL'T  line.  Thus  with  this  increased  competition,  supply  and  demand,  the  costs 
of  devices  will  rapidly  drop,  providing  the  devices  at  a  suitably  low  cost  to  make 
a  1  kw  Solid  State  Phased  Array  Antenna  feasible. 


I 

i 
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SUMMARY 


The  development  of  the  scale  model  Phased  Array  Antenna  Amplifier  has  shown 
that  the  concept  of  spatial  addition  of  many  lower  power  modules  is  feasible  for 
a  duplex  communications  system.  The  analysis  and  test  of  the  scale  model  and 
cost  comparison  to  existing  Klystron  systems  indicate  that  a  competitive  foil 
scale  1  kw  solid  state  system  is  attainable  within  a  two  year  period. 

In  addition  to  production  costs,  several  other  factors  affect  the  favorable  com¬ 
parison  of  a  solid  state  phased  array  system  to  the  Klystron  tube  system.  These 
are; 


Reliability:  The  solid  state  system  will  be  more  reliable  than  a  Klystron  tube 
system  due  to  its  gracefol  degradation  feature  of  many  lower  power  modules 
spatially  combined.  Additionally,  a  regular  ma.inta.ina.nce  schedule  could  extend 
the  period  between  communication  outages  by  replacing  failed  BPM  (Basic 
Power  Module)  prior  to  a  3  dB  loss  in  EBP.  Additionally,  the  absence  of  high 
voltage,  eliminates  the  dangers  presented  to  operators  and  maintainance  per¬ 
sonnel.  Finally  an  aspect  generally  overlooked  in  development  phases  of  a 
concept,  is  life  cycle  costs.  Klystron  tubes  are  generally  guaranteed  for  1000 
hour  operation  or  1  year  shelf  life.  Thus  sparing  tubes  at  a  depot  implies  1)  large 
expenditure  per  tube  (/~$10k  each),  2)  a  possibility  that  spared  tubes  may  go 
"gassy"  and  if  reclaimed  (by  applying  beam  voltage  at  increasing  levels  over  a 
period  of  time)  may  take  a  foil  day  prior  to  resumption  of  communications,  3) 
even  if  reclaimed,  a  tube  may  not  provide  the  1000  hours  operating  life  prior 
to  a  need  to  replace  it.  Comparing  this  to  solid  state  hermetically  sealed 
devices,  with  essentially  unlimited  shelf  life,  lower  unit  costs,  inherent  rug¬ 
gedness,  quick  replacement  time,  and  sparing  at  the  equipment  level  (due  to 
small,  lightweight  packaging) , equipment  outage  for  replacement  could  be  less 
than  an  hour. 
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Size  and  Weight:  The  control  cabinet  portion  of  the  1  lew  system  will  be  no  heavier 
or  larger  than  the  comparable  Klystron  HPA  cabinet.  Additionally,  the  thermal 
characteristics  should  be  less  stringent  since  the  greater  quantity  of  RF  amplifiers 
(BPM)  are  located  on  the  antenna  structure.  This  lower  operating  temperature 
would  significantly  add  to  the  MTB  F  of  the  control  cabinet  components. 

The  antenna  structure  for  the  1  kw  solid  state  system  will  be  heavier  than  its 
counterpart  AN/TRA-37.  However,  the  current  1083  mast  is  sufficient  for  both 
systems.  Because  of  the  modular  arrangement  of  the  solid  state  antenna,  erec¬ 
tion  time  and  storage  needs  will  be  comparable  to  the  parabolic  dish  antenna. 

Efficiency:  With  the  continued  development  of  high  power  transistors,  the  AC-RF 
efficiency  will  rapidly  approach  the  Klystron  tube  system.  Transistor  efficiency 
of  35%  will  provide  comparable  performance  to  the  Klystron  tube  system.  Addi¬ 
tionally,  as  seen  at  lower  frequencies,  transistor  devices  evolved  with  >60% 
efficiency  at  "L"  Band  and  a  35%  efficiency  at  'C'  Band  is  mt  a  theoretical  limit. 

Thus,  the  efficiency  of  the  solid  state  system  will  improve  with  device  develop¬ 
ment  eventually  surpassing  the  Klystron  tube  system. 

Broadband  Operation:  As  demonstrated  on  the  scale  model  system,  full  band 
(4. 4  -  5.  0  GHz)  performance  was  achieved  in  the  Basic  Power  Modules  (BPM)  without 
tuning.  The  1  kw  solid  state  system  will  also  comply  with  the  non-tunable  require¬ 
ment. 

Duplex  Operation  -  Noise  Characteristics:  The  scale  model  system  demonstrated 
the  duplex  ope  ration  of  an  AN/GRC-143  transmitter  and  receiver  with  no  measure- 
able  degradation  to  receiver  noise  threshold.  This  performance  is  related  to  the 
transistor  noise  power,  receive-transmit  polarization  isolation  and  antenna 
amplifier  (BPM)  gain.  The  1  kw  system  addressed  this  parameter  and  concluded 
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that  this  performance  is  achieveable  if  comparable  noise  power  is  obtainable  with 
the  higher  power  transistors. 

Thus,  all  of  the  key  parameters  required  for  a  successful  full  scale  1  kw  Phased 
Array  Antenna  Amplifier  have  either  been  demonstrated  at  the  scale  model  evalua¬ 
tion  or  have  been  shown  to  be  compliant  with  progressing  technology. 
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APPENDIX  A 


TEST  PLAN 


REQUIRED  TESTS  &  DATA 


PHASED  ARRAY  ANTENNA  AMPLIFIER 
TEST  PLAN 
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PHASED  ARRAY  ANTENNA  AMPLIFIER 


TEST  EQUIPMENT 


ITEM 

MODEL* 

RF  Sweeper 

HP  8690  A 

Plug-in 

HP  H03-8693B 

Attenuator 

TWT 

Servo  2130 

Circulator 

Load 

LPF 

Coupler  #1 

NARDA  3004-20 

Attenuator 

Counter 

HP  5340A 

Coupler  2 

NARDA  3044-20 

Wavemeter 

HP  637A 

Coupler  3 

Wavecom  L  910-18 

Attenuator 

Attenuator 

Power  Detector 

Booton  41 

Power  Meter 

Booton  42B 

Circulator 

Power  Supply 

LAMBDA  LK-343A 

Power  Supply 

HP  6102A 

Voltmeter 

HP  34  30 A 

Selective  Voltmeter 

Wandel  Goltermann  TFPM-43 

*  Or  Equivalent 
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ITEM 

MODEL* 

Attenuator 

NARDA  766-20 

Attenuator 

NARDA  777C-10 

Thermistor 

HP  478  A 

Power  Meter 

HP  431  C 

Detector 

HP  423  A 

Oscilloscope 

TEK  545  A 

Plug-in 

TEK  CA 
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3.4.1. 1  Size 


Cross  sectional  area  not  to  exceed  10  square  feet. 


Test  Procedure:  Cross  sectional  area  of  the  antenna  array  will  be  calculated  from: 
A  =  W  x  H 

Where  W  =  Width  of  the  array,  inside  frame  v/J  *  V  I U  44 

H  =  Height  of  the  array.  Inside  frame  ^  -  3  ^  ^4 

A  =  W  x  H 

A  =*lfrx3/l=  q.'U  SQ.  FT 

Limit  10  square  feet  (1440  sq.  inches) 
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3.4. 1.2 


Temperature  Independent  Operation.  The  phased  array  antenna  amplifier  shall  be 
designed  to  meet  all  specifications  from  -65°F  (no  solar  loading)  to  td25°F  (with 
360  BTU/ftVhr  solar  loading). 


The  scale  model  Phased  Array  Antenna  Amplifier  has  been  designed  to  meet  all 
specifications  over  a  -65°F  to  +125°F  with  360  BTU/ft2Ar  solar  loading.  As  pre¬ 
sented  in  the  Preliminary  Design  Plan,  for  an  ambient  temperature  of  +125®F 
with  solar  loading,  the  worst  case  temperature  is  +160°F  (71°C).  Equipment  built 
by  ITT  DCD  for  military  deployment  is  tested  over  this  -65°F  to  +160°F  tempera¬ 
ture  range.  The  critical  components  are  the  GaAsFET's.  Typical  operating 
conditions  for  these  components  are  Pj^-,  =  9  watts.  Pout  =  2.  5  w  and  RTH  =  10° 
C/W.  This  results  in  an  increase  in  transistor  channel  temperature  of  65°C 
above  ambient.  This  number  is  within  the  recommended  channel  temperature 
for  GaAsFET's  over  the  full  ambient  range. 


To  ease  cost  and  delivery  problems,  some  commercial  grade  components  were 
used  in  the  system.  Full  military  grade  versions  of  the  same  components  are 
available,  however,  for  future  systems. 


TP  7 
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3. 4. 1. 3  Weight.  The  weight  of  the  phased  array  antenna  amplifier  shall  be  kept  to  a 
minimum. 

Test  Procedure: 

The  weight  of  the  Anal  Phased  Array  Antenna  complete  with  all  amplifier  modules, 
power  splitters,  and  cables  will  be  measured  and  recorded. 


Control  Cabinet 

It 

lb 

Antenna  Array 

1  1  o 

lb 

Interconnect  Cables 

Zb 

lb 

Total  2-4  4-  lb 

Limit;  Minimum 
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Structural  Interface  -  The  Phased  Array  Antenna  will  include  the  necessary  hardware 
to  mount  the  antenna  on  an  AB-216  tower. 

Hardware  to  mount  the  antenna  to  the  AB-216  tower  is  included  in  the  antenna  design. 
Included  in  the  design  are  several  safety  features  which  secure  the  antenna  assembly 
during  alignment. 

(in)  _ ( Cojr^)  CoWLiBsCy) 

Input/Output  Connectors  -  Input  connector  to  the  Phased  Array  Antenna  Amplifier 
shall  be  a  coaxial  type  N.  Output  connector  to  the  AN/GRC-143  receiver  shall  be 
WR-187  with  UG/149  flange. 

The  input  connector  to  the  Phased  Array  Antenna  Amplifier  is  a  type  N  female  con¬ 
nector  mounted  to  the  top  of  the  control  cabinet. 

The  output  of  the  receiver  array  is  WH-187  waveguide  with  UG/149  flange. 

Input  Conn  Complies  (V) 

Receive  Conn  _ ^  _  Complies  (V) 
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3.  4. 1.6  Cooling  -  All  cooling  mechanisms  shall  be  integral  to  the  antenna  structure  with 
the  cooling  technique  limited  to  air  cooling  methods. 

Thermal  analysis  on  the  antenna  structure  has  indicated  that  convection  cooling  is 
adequate  to  cool  the  antenna  mounted  amplifier  modules; 

A  fan  is  included  in  the  control  cabinet  to  cool  the  IPA  module  and  the  two  power 
supplies. 

♦This  analysis,  included  in  the  Preliminary  Design  Plan,  was  completed  for  12 
antenna  mounted  BPM.  This  analysis  is  more  conservative  in  view  of  the  reduced 
number  of  antenna  BPM  and  GaAsFET  devices.  Therefore,  at  elevated  ambient 
temperature,  the  natural  convection  cooling  is  adequate  to  maintain  the  GaAsl-'L  i 
channel  temperature  below  the  maximum  permissable. 

Cooling  Technique  Complies  (V) 
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3. 4. 1.7  Mechanical  Positioning  -  Mechanical  positioning  aids  integral  to  the  antenna  structure 
shall  provide  360°  (±.  5°  Accuracy)  azimuth  and  ±5°  (±  0. 2°  Accuracy)  elevation  posi¬ 
tioning. 

Azimuth  and  elevation  positioning  aids  are  included  in  the  antenna  structure.  Azimuth 
positioning  is  obtained  by  loosening  a  lock  bolt  and  rotating  the  antenna  around  the 
vertical  member  of  the  AB-216  tower.  Total  azimuth  range  is  ±135°  per  comer.  The 
required  360°  range  is  obtained  by  moving  the  antenna  structure  to  the  other  corners 
of  the  AB-216  tower.  This  is  a  continuous  adjustment  mechanism  consistent  with  the 
±0. 5°  accuracy. 

Attached  to  the  AB-216  tower  vertical  member  is  a  stop  collar.  The  antenna  structure 
rests  on  this  collar.  The  collar  will  be  marked  in  .  5°  increments.  Movement  of  the 
antenna  structure  via  the  positioner  will  rotate  the  azimuth  indicator  mark  on  the  posi¬ 
tioner  with  respect  to  the  collar  marking.  This  will  provide  the  .  5°  resolution. 

Elevation  positioning  is  provided  with  two  tum-buckles.  Calculations  show  that  the 
required  ±5°  range  can  be  obtained  from  22  1/2  full  rotations  of  the  turn  buckle.  One 
half  turn  results  in  approximately  0.  22°.  See  Figure  3. 

Attached  tothe  upper  antenna  mount  will  be  a  level  indicator  with  pointer.  A  scale, 
marked  off  with  .  2°  incrementsywill  be  provided,  notation  of  the  level  pointer  to  the 
desired  elevation  angle  is  accomplished  by  rotating  the  pointer  to  the  desired  elevation 
mark.  The  antenna  elevation  is  then  adjusted  until  the  level  indicator  is  again  reading 
'level. ' 


-  173  - 

TP  If  A 


3. 4. 1.7 

o.'.  :'i:) 


Elevation  Adjust  of  Positioner 


1  -  Initialize  antenna  to  0  axis  by  extending  tumbuckles  to  1.  50  inch  separation 
of  the  threaded  eyes. 


# —  /.  yo  — 

0~  V#  *  O  I'ftt-'  ► 

i  _ 

J 

_ ..... 

8  A?  KFE  — 

\ 

2  -  At  the  rate  of.0175  inches/inch  per  degree  (for  small  angles  0  to  60),50 

u 

operating  over  15.  8  inch  radius  requires  1.  3825  contraction  or  expansion  of  the  eye 
bolt  tips.  This  is  accomplished  via  revolutions  of  the  tumbuckle  at  the  rate  of  8 
full  turns  per  1  inch  excursion  thus  eleven  and  a  quarter  turns  will  accomplish  5° 
or  22  1/2  for  full  i  5°  range. 


3  -  Translation  per  turns  of  the  tumbuckle  therefore  produces  the  following  eleva¬ 
tion  angle  change: 

1/8  turn  (45°  revolution)  =  .0555° 

1/4  turn  (90°  revolution)  =  .  1110° 

1/2  turn  (180°  revolution)  =  .  2220° 

9/16  turn  (203°  revolution^  .  25° 

11/8  turns  (406°  revolution)  =  .  50° 

2  1/4  turns  (810°  revolution)  =  1. 00° 

F'Gv/iE  3 
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Electrical  Characteristics 


Unless  otherwise  stated,  all  electrical  characteristics  will  be  measured  on  the  test 
set  shown  in  Figure  i.  A  list  of  test  equipment  model  numbers  is  included. 


Am?  l  if /ft  re  *>r  ^£T-  up 


3.4.2. 1  Antenna  Matrix  Gain  and  Beamwidth  -  (SAtup  per  FigQre  4) 

Gain  30  dBi  Transmit  and  Receive 

Beamwidth  5°  Both  planes 

Test  Procedure:  The  basic  technique  for  measuring  gain  will  be  by  comparison  to 
a  standard  gain  horn  (SGH).  In  this  technique,  the  SGH  is  substituted  for  the  antenna 
under  test  in  such  a  way  that  both  range  location  and  RF  power  are  maintained  as 
constants.  Transmit  and  Receive  arrays  require  different  procedures. 

A.  The  transmit  array  will  be  measured  as  a  passive  component  by  use  of  a  calibrated 
6:1  phased  power  combiner  in  place  of  the  amplifiers.  The  gains  measured  by  SGH 
comparison  are  corrected  by  addition  of  the  combiner  loss.  Gain  will  be  measured 
at  a  minimum  of  ten  frequencies  to  provide  a  distribution  of  range  error  effects. 

The  receive  array  will  be  measured  in  a  similar  way  except  that  the  combiner,  being 
integral  to  the  receive  array,  requires  no  correction. 

All  gain  tests  will  be  performed  on  an  outdoor,  1000  foot  range  which  adequately 
provides  a  far  field  distance  for  the  antenna  size  under  test. 

B.  Beamwidth  measurements  will  be  performed  both  with  and  without  the  BPM's. 

Passive  tests  of  both  Transmit  and  Receive  arrays  will  be  made  at  five  frequencies 
and  for  two  principal  planes,  horizontal  and  vertical.  A  6:1  phased  power  combiner 
will  be  used  on  the  transmit  in  place  of  the  BPM's.  The  test  method  will  consist  of 
pattern  recording  of  the  output  power  of  the  antenna  under  test  as  it  is  rotated  about 
a  principal  plane  axis.  The  recorded  data,  power  versus  angle,  is  on  a  calibrated 
chart  associated  with  a  calibrated  receiver  and  servo  controlled  pedestal.  Beam- 
width  is  read  directly  from  chart. 

Active  testing  of  the  transmit  array  will  be  done  with  all  BPM's  connected,  beam- 
width  will  be  measured  by  monitoring  of  unsynchronized  transmitter  power  in  the 
far  field  as  the  array  is  rotated. 
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The  angular  location  of  the  pedestal  will  be  recorded  at  each  3  dB  below  peak  of  the 
main  lobe  (maximum  power  point).  The  difference  between  angles  is  the  beamwidth. 

Active  testing  of  the  Receive  array  is  not  required. 

All  beamwidth  tests  will  be  performed  on  a  far  field,  1000  foot  outdoor  range. 
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BLOCK  DIAGRAM  FOR  RADIATION  PATTERN  &  GAIN  TESTS 


3.4.  2.  2  Duplex  Operation  -  With  receiver  frequency  separated  100  MHz  from  transmit  frequency, 
overall  effective  receiver  noise  figure  shall  not  be  degraded  more  than  1.  5  dr.  This 
assumes  a  5.  5  dP  Receiver  Noise  Figure.  Thus,  resultant  receiver  noise  figure  in  the 
presence  of  colocated  transmitter  shall  be  less  than  7  dB. 

Test  Procedure  I 

1.  Noise  power  of  each  antenna  mounted  BPM  will  be  measured  as  shown  in 
Figure  2. 

Noise  Power  (dBm/700  KHz) 

Pn  (dBm/Hz)  “  Pn  (dBm/700  KHz)  -  10  log  (700  KHz) 

=  Pn  (dBm/700  KHz)  -  58.5  dB. 

2.  Antenna  Isolation  (transmit  array  to  receive  array)  will  be  measured  on 
the  Automatic  Network  Analyzer  before  the  amplifiers  are  integrated  into 
the  system.  To  do  this  test,  a  transmit  power  splitter  will  be  used.  The 
loss  of  this  power  splitter  will  be  measured  and  removed  from  the  measured 
isolation. 

3.  Noise  Figure  Degradation  will  be  calculated  from  : 

NFD  -  10  log  (1.41  x  10"17  +  10  (?P  (dBm/Hz)  -  I)  ^  f  lfi8>  5  db 

-17 

where  1.41  x  10  =  Receive  r  Noise  Power  (AN/GRC-143  Receiver  -  NF  5.5  dB) 

dBm/Hz 

I  =  Isolation  (dB) 

NFD  0.  H  Limit  1.  5  dB 

Test  Procedure  II 

Connect  equipment  as  shown  in  Figure  5.  With  Phased  Array  Antenna  Amplifier  turned 
off,  plot  a  noise  quieting  curve.  This  is  accomplished  by  connecting  a  sensitive  receiver 
to  the  base  band  output  of  the  AN/GRC-143  receiver  and  plotting  base  band  level  (dB)  vs 
RF  input  level  (dB).  The  input  level  is  adjust  by  varying  the  RF  attenuators.  As  receiver 
threshold  is  approached,  the  baseband  signal  (noise)  will  increase.  Repeat  this  test  with 
the  Phased  Array  Antenna  Amplifier  turned  on  and  plot  the  result  on  the  same  curve 
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generated  above.  The  difference  (dB)  between  the  two  curves  is  degradation  in  receiver 
threshold. 

_ O _ dB  Limit  1.5  dB  Threshold  Degradation 

_ S.  £ _ dB  Receiver  Noise  Figure 

_ *3* _ Limit  7  dB  Max  Resultant  Noise  Figure 
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3.4.2.  3  Antenna  Polarization  -  (Set  up  -  See  Figure  4)  Polarization  of  transmit  and  receive 

antenna  signals  shall  be  orthogonal,  with  transmit  polarization  at  <45°  and  the  receive 
polarization  at  -45°  (horizontal  axis,  0°jangles  measured  facing  antenna). 

Test  Procedure  -  Polarization  requirements  will  be  demonstrated  by  comparison 
with  the  polarization  of  a  known  standard.  A  standard  gain  horn  will  be  used  for 
comparison.  Although  it  is  not  specifically  calibrated  for  polarization,  its  accu¬ 
racy  as  a  gain  standard  requires  and  implies  accurate  linear  polarization  properties. 
The  polarization  of  the  transmit  and  receive  arrays  will  each  be  measured  at  4.7 
GHz. 


T ransmit  Array 
Receive  A  rray 


Complies  (V) 
y  Complies  (V) 
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3.  4.  2.  4 


Antenna  Sidelobe  Levels  -  (Set  up  -  See  Figure  4)  The  ratio  of  the  antenna  main  lobe 
to  any  sidelobe  shall  be  at  least  15  dB. 


j 

i 

! 

i 

[ 


Test  Procedure-.  Sidelobes  will  be  measured  in  the  cardinal  anti  intercardinal  plane 
concurrently  with  the  beamwidth.  The  test  procedure  is  the  same  and  is  detailed  in 
Section  3.4.2. 1.  Sidelobe  data  is  read  directly  off  the  chart  recording  of  power  dB 
versus  angle. 

Sidelobe  level  of  the  transmit  array  complete  with  BPM's  will  also  be  conducted  using 
the  same  procedure  outlined  in  Section  3.  4.  2. 1.  Sidelobes  will  be  measured  as  the 
difference  in  power  between  the  peak  in  the  main  lobe  and  the  peaks  of  the  minor 
lobes  as  the  array  is  rotated  on  the  pedestal. 

Active  testing  of  the  Receive  Array  is  not  required. 

Sidelobe  Performance  with  Amplifier  Failures  -  For  the  transmit  array,  sidelobe 
pattern  vs  amplifier  "failure"  will  be  evaluated.  This  evaluation  will  be  performed 
as  follows. 

Disconnect  all  amplifiers  from  the  transmit  baluns.  Connect  the  6  way  power  com¬ 
biner  to  the  transmit  baluns.  With  the  far  field  signal  generator  as  the  source, 
record  the  pattern  of  the  transmit  antenna  in  the  cardinal  plane  and  intercardinal 
plane  at  4700  MHz. 

/♦  Disconnect  one  (1)  center  balun  (corresponding  to  amplifier  AS)  terminating  it  in 
50  jl  loads  and  record  the  cardinal  and  intercardinal  patterns. 

Reconnect  this  balun,  then  disconnect  one  (1)  edge  i»alnn  (corresponding  to 
amplifier  Al).  Terminate  this  balun  in  50.n  .  Record  the  cardinal  and  inter¬ 
cardinal  patterns. 

All  sidelobe  testing  will  be  conducted  on  a  fctr-fleld,  1000  foot,  outdoor  range. 
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3.4. 2.  5  VSWR  -  The  input  VSWR  of  any  element  in  the  radiating  matrix  shall  not  exceed 
1.  5:1  over  4.4-5. 0  GHz.  The  VSWR  at  the  receive  terminal  shall  not  exceed 
1.5:1  over  4.  4-5.0  GHz. 

Test  Procedure:  VSWR  will  be  tested  on  an  indoor  range  using  an  Automatic  Net¬ 
work  Analyzer.  A  quasi-swept  frequency  range  will  be  measured  covering  4.4- 
5.  0  GHz.  The  Receiver  Array  VSWR  will  be  measured  at  its  combiner  output 
port.  The  transmit  array  will  be  measured  without  the  BPM's  and  at  each  of  the 
6  Baiun  Inputs. 

Transmit  Baiun  l  I,  SZ’.  i  Limit 
Z  /.  *1  :  I  1.  5:1.0 

3  1,18:  L 

4  1,1 1  : 1 

r  l 

to  1  11  :  1 

Receive  Port  |  jj-fe  ;  | 
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4. 2. 6  Amplifier  Matrix  Gain  -  The  amplifier  matrix  of  the  Phased  Array  Antenna  Amplifier 
shall  meet  the  following  spec's: 

PIN  100  MW  (nom) 

POUT  10  Watts  (min) 

FREQ  4. 4  -  5. 0  GHz 

EFF  (DC-BF)  14%  (min) 

ERP  +70  dBm  (min) 


RF  power  into  each  of  the  six  transmit  antenna  baluns  will  be  measured  and  summed 
to  determine  total  transmitter  output  power.  Input  power  will  be  100  MW  over  4. 4  - 
5.0  GHz. 


Freq 

P! 

P2 

P3 

p4 
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pft 

PTOT  (Limit:  1 

4. 4  GHz 
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1. w 
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l.feLw 

1.  fcV*i 

5.0  GHz 
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M  6i, 
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IWj 
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At  each  frequency,  total  DC  current  will  be  measured  to  determine  DC-RF  efficiency. 


„  PTOT  RF 

N  T — T=I — 

VDC  ADC 

x  100% 

Frea. 

VDC 

PTOT  N(%) 

(Limit  :  14%  Mini 

4.4  GHz 

fcSl/ 

Ltbx 

10. 2- 

ru°/0 

4.7  GHz 

V  Sv 

(o.nicK 

n.  4°/o 

5.0  GHz 

'lA  6U* 

£  i^P  S 

g'.SV 

8-  Sv 

(e.  2.  t  a. 

B 

1  1 4-  lu 
ic.4-1  uj 

114% 
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System  ERP  will  be  measured  on  the  antenna  range.  The  range  will  first  be  calibrated 
using  a  known  power  level  and  two  standard  gain  antennas. 


The  procedure  for  system  ERP  measurement  uses  the  same  set -up,  Figure  4,  as  for 
gain  except  the  signal  generator  is  connected  to  the  standard  gain  horn  at  the  turntable 
with  a  calibrated  power  meter,  and  a  relative  power  meter  is  connected  to  the  far  field 
"source"  antenna  which  now  functions  as  a  receiver.  Steps  are  as  follows: 
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1. 


2. 


3. 


Apply  a  known  power  (Pc)  to  the  SGH,  peak  the  received  power  by  adjusting 
turntable  and  record  the  received  power  (Pg)  as  reference. 

Connect  array  under  test  (UUT)  and  adjust  for  full  transmitted  power  (Pt)  as 
previously  recorded.  Adjust  turntable  for  peak  received  power  and  record 
the  received  power  (Pa)  a6  a  decibel  difference  from  refeience  power  (Ps). 
Calculate  ERP  as: 


ERP  .  EJ1P 

Array  bGH 


Pa 

Ps 


°SGHPc 


Pa 

Ps 


or 


El<PA(dPM>  -  Cs?H(dP) 


+  P  (dP M)  +  Pa  (dli)  -Ps(dF) 

v 


ERP  Va.  Amplifier  lailuie 

Evaluation  of  ERP  due  to  amplifier  feilure  is  a  prime  consideration  for  this  system. 
EHP  will  be  measured  per  above  procedure.  Baiuns  will  be  disconnected  from 
amplifier  output  one  at  a  time.  The  unused  BPM  output  and  balun  will  be  terminated 
in  50-0.. 


Procedure: 

Set  system  for  operation  (u  4700  MHz  and  measure  EHP  per  above  procedure. 

1)  Disconnect  the  BF  input  to  one  bal^n  corresponding  to  amplifier  A1  output. 
Terminate  this  balun  In  50.z  .  Terminate  the  unused  BPM  splitter  output  in 
50  a  .  Record  reduction  in  meter  reading. 

2)  Reconnect  all  baluns.  Disconnect  the  RE  input  to  one  balun  corresponding  to 
amplifier  A2  output.  Terminate  the  balun  and  unused  output  of  BPM  splitter 
in  50a  .  Record  reduction  in  meter  reading. 


The  difference  between  ERP  with  all  amplifier  connected  and  the  respective  meter 
reading  reduction  with  amplifier  disconnected  is  the  ERP  for  those  conditions. 

Repeat  the  above  procedure  at  4400  L  5000  MHz. 

*ln  calculating  total  transmitted  power  at  the  balun  inputs,  phase  differences  are  not 
considered.  The  coax  cable  lengths  from  the  amplifiers  to  the  transmit  baluns  were 

designed  to  compensate  for  the  difference  In  the  feed  line  lengths  within  the  transmit 
•  -  208  - 
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array.  Thus,  the  relative  phase  (cable  length)  from  amplifiers  to  baluns  differs 
depending  upon  balun  location.  Thus,  phase  considerations  in  calculating  total  power 
at  the  balun  inputs  is  not  valid.  The  phase  considerations  are  included  in  the  effec¬ 
tive  radiated  power  measurements. 


210  - 


■w- 


isaJe* 


TP  24B 


▼ 


J  •/>  rf  ij  0* 

“uf0 
S  3®5 

kjoG 


i°6 

kiU 


|u  uj  <  Z 

1  £I« 
Zifll 

wOu, 

U  uj  Z  I 

<  Q<H 
or .  war 

►-  £  uo 
z-  z 

>°cs  • 

-fg-g 

Oih, - 

i  5  o  y  y,  s 

o<*a:<Ki 

a1*-;" 

'  o„0 
uj  X 
-oOt- 
-  <  u>  „> 

I  (JJQ> 
»-  UI  -  Ul 
OZui 

UiOJo? 
k  3  z  <r  “ 

i5  ±  U)  ft. 

<  J  >  UJ 

1QU 

"•g 

l^gogs 


UJ 

(A 

•  ac 

>  UJ 
UJ  -> 

H  * 
3  UJ 

z  z 


E  IM  E  ASu  giMb^T  S 

0  gfc?  Loss  \<s  6P^v  Fah-wac 

A)  I  MNieg.  ^\>4-AM4Y  (?>acv>im  ''bi  Sf  n  tcT  t  ii 


F  A  t  <» 

L«  4  ^  i  m  e  (Z  ? 

4  4 6Lj 

/.s'  4ft 

4.1  Gk», 

i.b  ja 

S'  ocL^ 

1.  8  <J3 

ft*')  0^-Tfe<.  <3u4-A(1<lay  6rtLu»~  ~t>  i  icuNfJtcTur  D 


File 

Lo  *s 

in 

4.4  G-lt, 

1.5 

i'Uk-s 

1.  S’ 

Js 

5-0  aj 

l.o 

dti 

3.4.2 

4  Po  g. 

£i  PtLoge 

o<v 


TOLERANCES 

UNLESS 

OTHERWISE 

SPECIFIED 


DECIMAL  DIMENSION 


2  PLACE 


3  PLACE 


ANGLES 


E'*? 


USED  ON 

CODE  IDENT.  NO 

28528 

12m 

pHAS&D  Alt 

A  Y 

- 

PREPARED  BY 

DATE 

M 

■  6 

CHECKED  BY 

DATE 

SHEET  TP 24-C  j 

-  211 


-  «T  ■■ 


D5216  A  REV.  6/73 


- E  R  P  A M 0 L V S  I  S - 

SC RLE  MODEL 


TOTAL  NUMBER  OF  FflILURES=0 

FAILURES  A  P  A  G  AERP 

fl  E  (  d  B  )  (  d  B  )  r  d  B  ) 

.0  .0  -.00  .00  -.00 

fl  V  G  LOSS  IN  E  P  P  (  d  B ) = -  .  0 1 
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FAILURES  A  P  AG  AERP 

A  B  (  d  B  'J  (  d  B  1  (  d  B  ) 
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3.4.  2.7  Amplifier  Matrix  Input  VSWR  -  VSWR  measured  into  system  input  port  shall  not 


exceed  1.5:1  over  4. 4  -  5.0  GHz. 

VSWR  will  be  determined  by  measuring  the  level  of  the  reflected  power  using  a 
directional  coupler.  A  VSWR  of  1.  5:1  corresponds  to  a  return  loss  of  at  least 
14  dB. 

1  1.  5:1.0  (14  dB  min) 

3.  4. 2.  8  Spurious  Radiation  (Harmonics)  -  Spurious  radiation  from  amplifier  matrix  shall  be 
at  least  80  dB  below  carrier. 

*  This  parameter  is  measured  at  the  BPM  level  with  its'  low  pass  filter  installed.  If 
the  LPF  is  unavailable,  this  parameter  will  be  measured  and  adjusted  by  the  LPF 

Spurious  Radiation  .  i 

-  88  dbc  C  uji+A  SO  W3  L?f  ori  V  V  6^J 

-95  dbc  [.writ  SS  6>«j«cUo^  q.4^] 

-ICO  dbc  Limit:  80  dBc 

bO  LPP 

Spurious  radiation  out  of  each  BPM  will  be  meastred  on  a  spectrum  analyzer. 

—  Ho  -W>  Uc£  VA».iw/4  — 

3. 4. 2.  9  Parasitic  Oscillation  -  No  parasitic  oscillations  shall  exist  within  any  RF  amplifier 

module. 

The  existence  of  parasitic  oscillations  will  be  checked  for  the  IPA  and  each  of  the 
BPM's  using  a  spectrum  analyzer.  This  test  will  be  conducted  for  various  drive 
levels.  This  test  will  be  conducted  before  the  amplifiers  are  integrated  into  the 
system.  With  the  amplifiers  set  up  per  Figure  1,  the  spectrum  analyzer  will 
display  the  slow  swept  response  over  the  4.4  -  5.0  GHz  band.  As  RF  Input  level 
is  varied,  the  response  will  be  observed  for  oscillation. 


IPA  No  Oscillations 

Complies  (V) 

BPM  A1 

_  Complies  (V) 

BPM  A2 

_  Complies  (V) 

BPM  A3 

r 

Complies  (V) 

rejection. 

Frequency  4.4  GHz 
4.7  GHz 
5.0  GHz 


% 
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3.4.2.10 


Antenna-Amplifier  MTBF  -  Design  objective  for  the  MTBF  shall  be  4000  hrs.  A 
3  dB  loss  in  EBP  shall  be  considered  a  failure. 

The  system  MTBF  has  been  computed  and  was  presented  in  the  Preliminary  Design 
Plan.  Section  2.7.3. 1  This  calculation  indicates  an  MTBF  of  3473  hr. 

As  part  of  the  Final  Report  (CDBL-A003)  on  MTBF  estimate  for  a  1  KW  system  will 
be  provided.  This  evaluation  will  include  such  techniques  as  redundancy  in  order  to 
attain  a  4000  hour  MTBF. 
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3.4. 2. 11  Amplifier  Bandwidth  -  RF  amplifier  matrix  shall  have  broadband  non-tunable  modules 
covering  4.4  -  5.0  GHz.  All  antenna  amplifier  modules  shall  be  interchangeable. 

Each  amplifier  in  the  amplifier  matrix  has  been  designed  for,  and  will  be  tested 
over,  the  full  4. 4  -  5. 0  GHz  band.  Full  bandwidth  coverage  will  be  obtained  without 
remote  tuning. 

Each  of  the  three  antenna  mounted  BPM's  are  interchangeable  both  physically  and 

electrically.  System  design  is  based  upon  equal  power  output  from  each  of  the 

antenna  amplifiers.  Aperture  tapering  is  obtained  with  power  distribution  on  the 

antenna.  Full  band  performance  is  demonstrated  by  swept  measurement  at  each 

A  BPM.  See  Appendix  A  for  Detailed  Amplifier  Test  Data. 

4.  4  -  5.  0  GHz  Bandwidth 
BPM  A1  Complies  (V) 

BPM  A2  s' 

BPM  A3 
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3.4. 2. 12  System  Degradation  Alarm  -  A  control  panel  shall  be  furnished  which  will  permit  the 
control  and  status  display  of  all  necessary  electrical  functions. 

A  control  panel  will  be  Included  as  part  of  the  control  cabinet,  it  will  include  a 
micro-ammeter  which  will  provide  a  positive  up-scale  reading  to  indicate  acceptable 
performance.  A  multi -position  switch  will  select  which  function  is  displayed  on  the 
meter.  The  functions  are:  Power  Supply  Output  Voltage  (pos  &  neg) 

IPA  Output  Power 
BPM  Output  Power  (3). 

Control  Panel  yf  Complies  (V) 
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3.4.3  Power  -  Supply  voltage  shall  be  Internally  regulated  and  operated  from  120/230 
volt  *10*3!  (RMS)  50-60  Hz  single  phase.  Total  input  power  to  the  system  shall 
not  exceed  1  KW. 

Supply  voltage  required  for  the  Phase  Array  Antenna  Amplifier  is  120/230  volt 
±10%  (RMS),  50-60  Hz  single  phase.  Two  internal  power  supplies  provide  the 
required  ±9  VDC  and  -9  VDC  for  the  system. 

Total  AC  power  input  to  the  system  will  be  measured  using  a  Weston  432  watt¬ 
meter. 

/S'  S'  WattB 
Limit  1000  watts 

/IC-RF  E  mixfucy 

SEE  - (  i  .  /,?.&  Pr  lT, 

"DC-  iV  =  it'Z  pa<ro^  £4.2. (pj 


T&9 
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ANTENNA  GAIN  AND  SIDELOBE  PATTERNS 
RECEIVE  ARRAY 


•  Assembled  in  Final  Configuration  less  the  G10  Epoxy  Fiber  Glass 
Radome 


Gain 


13  Frequencies 


Sidelobes 


H  Plane 


E  Plane 

Intercardinial  Plane 


J 


1  Frequency/Pattem 

5  Patterns  each  plane 

(4.4,  4.55,  4.7,  4.85,  5.0  GHz) 


-  220  - 


■  V  '•*V  V 


% 


7  2.1  T/ 


fc*ntRN  :.C  .  s 

711  s 


or- 


angle 


PrtAVCT) 


aet>  mew 


ANGLE 


ANTENNA  GAIN  AND  SIDET  OBE  PATTERNS 
TRANSMIT  ARRAY 

Assembled  In  Final  Configuration  less  the  G10  Epoxy  Fiber  Glass 
Radome 

Gain  13  Frequencies 

Sidelobes 


H  Plane 
E  Plane 

Intercardinial  Plane 


1  Frequency/Pattem 

5  Patterns  each  plane 

(4.4,  4.55,  4.7,  4.85,  5.0  GHz) 
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ANTENNA  PATTERNS  RESULTING  FROM  BPM 


(SIMULATED)  FAILURES 
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ANTENNA  PATTERNS  AND  GAIN  RESULTING  FROM 
USE  OF  G  10  EPOXY  FIBER  GLASS  RADOME 
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B  EXTENDED  AMPLIFIER  TESTS 


1.  Gallium  Arsenide  FET 

As  part  of  the  high  power  amplifier  technology  investigation,  several  additional 
test,  not  required  by  contract,  were  performed. 

Following  is  a  listing  of  these  test: 

1)  AM/PM  Conversion 

2)  2  Tone  3rd  Order  Intercept  Point 

3)  Noise  Power 

4)  Turn  on  Characteristics 

5)  Efficiency  Versus  Drive 

The  data  from  these  tests  follows. 
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B  EXTENDED  AMPLIFIER  TESTS 


2.  Bipolar  Transistors 

Silicon  bipolar  transistors  manufactured  by  TRW  were  evaluated  for  this  system 
application  during  the  initial  phases  of  this  contract.  Several  characteristics 
such  as  bandwidth  and  gain  sensitivity  to  drive  level,  AM/PM  conversion,  phase 
tracking,  and  noise  power  output  were  identified  as  risk  areas  for  this  application. 

The  following  data  was  taken  on  the  MRA  271  (5  cell  power  transistor)  and  the 
MRA  272  (single  cell  driver)  as  well  as  combined  MRA  271's  and  272's.  The 
last  graph  is  a  plot  of  noise  power  output  of  the  complete  bipolar  amplifier^  PM ) 
versus  drive  level. 
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EXTENDED  ANTENNA  ARRAY  TESTS 


C 

This  section  of  the  Test  Plan  covers  the  performance  of  the  Dual  Polarized 
Antenna  at  the  Sub-Assembly  Level.  These  tests  were  performed  on  the 
Outdoor  Antenna  Test  Range.  Each  Array  (RCVR  &  Xmit)  was  fed  from  a 
passive  corporate  feed.  The  tests  performed  were  gain,  sidelobes,  beam- 
width,  and  balun  VSWR. 

Each  Antenna  layer  (Dipole  Laminate)  was  tested  individually  as  a  single 
polarization  using  a  flat  aluminum  sheet  as  the  ground  plane.  The  two 
laminates  were  assembled  in  a  single  aperature  using  the  polarizer  laminate 
as  the  transmit  ground  plane  (maintaining  the  correct  spacing  between  layers). 
Finally,  the  Dual  Polarization  was  assembled  in  the  final  configuration  (as 
delivered)  and  was  evaluated  with  and  without  the  radome  (1/32"  thick  epoxy 
fiberglass  G10). 
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Single  fc  Dual  Polarized  Array  Gain  Comparison 
Test  Array 

Gain  Including  Combiner  Loss*  -dBi 


Combiner 

Array  1 

Array  2 

Loss  dB 

Single  Pol 

Dual  Pol  (Tx) 

Single  Pol 

Dual  Pol  (Rx) 

.97 

30.7 

28.5 

31.3 

29.1 

31.0 

31.2 

29.6 

1.02 

30.8 

30.7 

31.95 

29.8 

1.07 

30.2 

30.8 

31.65 

29.0 

31.3 

31.4 

29.9 

1.15 

29.6 

30.7 

31.4 

30.5 

1.22 

29.5 

29.2 

31.05 

29.9 

4-.1  Power  Step  Taper 


Rx  =  Bottom  Array,  Tx  =  Top  Array  -  as  delivered 


I 


Test  Array  Sidelobe  Comparison 
Single  and  Dual  Polarization 


Frequency 

1 

Maximum  Sidelobe*  -dB 

GHz 

Array  1 

Array 

’  2 

Single 

Dual  (Tx) 

Single 

Dual  (Rx) 

4.40 

15.2 

15.4 

16.0 

14.6 

4.55 

15.0 

15.9 

16.2 

16.0 

4.70 

15.3 

14.6 

16.0 

14.0 

4.  85 

13.5 

15.3 

15.0 

14.0 

5.00 

14.9 

14.6 

14.8 

15.5 

*E,  H  and  Intercadinal  Planes;  tested  with  combiner  providing  4:1  step  power 
taper 


Rx  =  Bottom  Array  Tx  =  Top  Array 


Single  and  Dual  Polarization 


Maximum  Beamwidth  ♦  -  Degrees 


Frequency 

GHz 

Array  1 

Single  Dual  (Tx) 

Single 

Array  2 

Dual 

4.40 

3.85 

3.85 

3.78 

3. 70 

4.55 

4.00 

3.60 

3.66 

3.60 

4.70 

3.83 

3.50 

3.50 

3.55 

4.85 

3.83 

3.40 

3.30 

3.40 

5.00 

3.67 

3.30 

3.20 

3.30 

*E,  H  Planes;  Tested  with  4:1  Power  Step  Taper  Combiner 
Bx  =  Bottom  Array,  Tx  =  Top  Array  -  as  delivered 


Test  Array  VSWF  Comparison 
Single  and  Dual  Polarization 


Maximum  VSWB:  4. 4  to  5. 0  GHz 


Sub  Array 

No. 

Array  1 

Single  Dual  (Tx) 

Array  2 

Single  Dual  (Fx) 

1 

1.47 

1.50 

1. 37 

1.65 

2 

1.40 

1.58 

1.39 

1.  83 

3 

1.50 

1.63 

1.50 

1.  89 

4 

1.55 

1.57 

1.60 

1.84 

5 

1.63 

1.85 

1.80 

2.14 

6 

1.65 

1.82 

1.70 

2. 10 

Combined 

1.  91 

Fx  =  Bottom  Array,  Tx  =  Top  Array  -  as  delivered 


i 


i 

j 

I 

I 

I 

I 

I 


Padome  Effects:  The  introduction  of  an  epoxy  fiber  glass  cover  to  the  array  face, 
as  a  radome,  resulted  in  the  following  effects  on  performance: 


Frequency 

Gain  (Tx) 

Sidelobea  i 

GHz 

No  Padome 

Padome 

No  Padome 

dBi 

dBi 

dB 

4.40 

29.6 

29.6 

15.0 

4.70 

30.3 

30.3 

14.9 

5.00 

30.9 

30.9 

14.9 

(E  Plane,  Tx) 


Radome 

dB 

14.8 

14.3 

14.4 


These  tests  were  done  with  the  final  array  assembly. 
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